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The use of limestone as coastal protection devices and as an oyster cultch material 
has placed a substantial economic burden on the State of Louisiana. Limestone is not 
locally available in the State of Louisiana and must be transported from out of state 
which significantly increases the cost of utilizing the material. Placement of limestone on 
the unconsolidated soils in coastal Louisiana result in significant losses to sinking of the 
material due to the density of limestone. Therefore, locally available materials with a 
lower density compared to limestone are needed to reduce the economic burden of 
protecting and enhancing coastlines. 
Previous research has shown that the stabilization of phosphogypsum (PG), a 
locally available material, with type II Portland cement (PC) and class C fly ash (FA) 
reduces the dissolution potential enabling PG to be utilized for applications in a marine 
environment. However, the United States Environmental Protection Agency has defined 
PG as a technologically enhanced naturally occurring radioactive material and has 
restricted this material to stockpiling when its radioactivity is greater than 10 pCi g-1. A 
similar (although non-radioactive) locally available material, fluorogypsum (FG), has 
been identified as a substitute to PG. The goal of this research is to prove the feasibility 
of and optimize a composition of FG stabilized with PC and FA for aquatic applications. 
The leaching behavior, specifically sulfate and calcium release, was determined 
for 11 compositions consisting of 60% to 90% FG, 2% to 10% PC, and 0% to 38% FA 
exposed to synthetic saltwater (30 g L-1), brackish water (15 g L-1), and freshwater (0.5 g 
L-1) solutions. Sulfate and calcium effective diffusion coefficients (De) were calculated 
for each composition in each solution. Evidence of rupture development was found in 
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compositions with ≤80% FG and 10% PC. The composition 70% FG, 2% PC, and 28% 
FA is recommended for saltwater and brackish water applications based on the sulfate 
and calcium De. Compositions with ≤80% FG and ≤6% PC are recommended for 
freshwater applications. A model to predict the retained mass based on the composition 
and time of exposure enables the optimization of the composition based on materials’ 
cost and retained mass. Comparison of predicted retained mass with the observed 
retained mass after exposure for 372 days to field conditions indicates the developed 
model estimates the predicted retained mass within 7% of the observed retained mass. 
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Chapter 1. Introduction 
Coastal areas in the State of Louisiana lose approximately 43 km2 of land each 
year from 1985 to 2010 (Couvillion et al. 2011). There exists a great need to develop 
strategies to protect coastal areas undergoing land loss (Wilson 1987). One such strategy 
is the construction of artificial reefs and coastal protection devices such as breakwaters 
(Foster 1982). The current method of producing artificial reefs and coastal protection 
devices involves the expensive transportation of limestone into the State. The use of 
oyster shell has also been suggested for construction of artificial reefs (Piazza et al. 
2005). However, limited availability of oyster shell reduces practicality for large scale 
applications (Piazza et al. 2005). Thus, locally available materials with large production 
outputs are needed for construction of artificial reefs and coastal protection devices. 
Extensive research at Louisiana State University has focused on the utilization of 
phosphogypsum, as a locally available material, for aquatic applications (Chen et al. 
1995; Guo et al. 1999; Rusch et al. 2005; Wilson et al. 1998). Phosphogypsum was 
selected for applications in coastal protection due to the abundance of the material (e.g., 
approximately 1 billion tons in the State of Florida) and to address the environmental and 
land use concerns due to stockpiling (FIPR 2017). Due to the radioactivity present in 
phosphogypsum (20-35 pCi g-1), the current allowable method of disposal is stockpiling 
(USGPO 1992). Phosphogypsum is produced as a by-product of phosphoric acid 
production when phosphate ore is reacted with sulfuric acid and water as (Roszczynialski 
et al. 1996) 
Ca10(PO4)6F2 + 10H2SO4+ 20H2O → 10CaSO4·2H2O +6H3PO4+ 2HF 
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A high solubility in saltwater (4.1 g/L) limits phosphogypsum to land based applications. 
Previous research has shown that mixing phosphogypsum with class C fly ash and type II 
Portland cement then pressurizing the mixture will stabilize phosphogypsum decreasing 
dissolution (Guo et al. 2001; Guo et al. 1999).	Less regulated alternatives should be 
further explored to decrease the complexity of industrial application. 
Fluorogypsum, another locally available material, has many similar properties to 
phosphogypsum. It is produced as a by-product from the production of hydrofluoric acid 
when calcium fluoride is mixed with sulfuric acid as (Roszczynialski et al. 1996) 
CaF2 + H2SO4 → 2HF + CaSO4 
CaSO4 + 2H2O → CaSO4·2H2O 
The Unites States Environmental Protection Agency has determined that fluorogypsum is 
not expected to pose a significant risk to human health and the environment (USEPA 
1990). Fluorogypsum is proposed as an alternative to the use of phosphogypsum. 
Leaching test methods are commonly utilized to determine the effects of water 
exposure on industrial by-products (e.g., fluorogypsum and class C fly ash) for a wide 
variety of applications (Tiwari et al. 2015). Leaching test methods that determine the 
mass transfer rates of a contaminant (i.e., EPA Method 1315) (USEPA 2013) are 
recommended to be performed under similar conditions as in the proposed utilization 
scenario (Kosson et al. 2002). Thus, the leaching characteristics of stabilized 
fluorogypsum (i.e., fluorogypsum stabilized with type I/II Portland cement and class C 
fly ash) should be determined in a solvent system consistent with the water of coastal 
Louisiana.  
Concerns involving the utilization of industrial by-products (e.g., fluorogypsum, 
fly ash, etc.) are most commonly focused on the ecological impacts due to the leaching of 
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heavy metal ions (Çoruh et al. 2013). However, the leaching of heavy metals due to the 
use of stabilized fluorogypsum should be of low concern. Fluorogypsum is generally free 
of heavy metal ions (USEPA 1990) and fly ash replacement in concrete (up to 45%) has 
been determined to have minimal leaching impacts (Garrabrants et al. 2014). Therefore, 
for stabilized fluorogypsum, the calcium and sulfate release should be determined to 
estimate calcium and sulfate effective diffusion coefficients which may be utilized for 
assessing long-term stability (Guo et al. 2004). 
The goal of this work is to determine the feasibility of and to optimize a 
composition of stabilized fluorogypsum (sFG), i.e., fluorogypsum stabilized with type I/II 
Portland cement and class C fly ash, for aquatic applications (e.g., construction material 
for artificial reefs) based on the leaching of sulfate and calcium. The following objectives 
were explored for achieving this goal. 
1) Estimate the sulfate and calcium effective diffusion coefficients (De) to assess 
the long-term stability of specific compositions of sFG at three concentrations which 
simulate exposure to saltwater (30 g L-1), brackish water (15 g L-1), and freshwater 
environments (0.5 g L-1) measured as total dissolved solids.  
2) Develop an empirical model to enable the optimization of the composition for 
materials’ cost and retained mass after exposure.  
3) Determine the effect of field exposure on sFG, specifically the retained mass of 
sFG and attraction of aquatic organisms. 
This work is focused on the leaching of sulfate and calcium. Thus, this work will 
not determine the biological impacts (e.g., toxicity, bioaccumulation) of stabilized 
fluorogypsum on aquatic organisms. 
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This dissertation is organized as a collection of research papers (i.e., Chapter 3, 4, 
5, and 6). Chapter 2 contains a literature review of relevant material identifying the need 
for coastal protection, the use of solidified/stabilized gypsum materials, and the 
implementation of the governing equation (i.e., Fick’s Second Law) for modeling mass 
release. Chapter 3 focuses on the estimation of sulfate De of sFG for assessing dissolution 
potential. Chapter 3 has been submitted for possible publication in the American Society 
of Civil Engineers Environmental Engineering Journal. Chapter 4 assesses the calcium 
De of sFG and rupture development. In Chapter 5, a model is developed for predicting 
the retained mass for a given composition of sFG and at any time of exposure to 
saltwater, brackish water, or freshwater. Chapter 6 examines the effect of field exposure 
on non-pressurized and pressurized fabrications of sFG. Chapter 7 provides a global 
discussion which connects the 4 research papers. Finally, the overall conclusions and 




Chapter 2. Literature Review 
2.1. Coastal Protection Needs 
Louisiana contains 7.8 million acres out of 110 million acres of wetlands in the 
continental United States (Caffey and Schexnayder 2003). Due to natural and artificial 
causes, 90% of the wetlands lost in the United States occur in Louisiana (Couvillion et al. 
2011). For example, dredging activities, while important to promote infrastructure and 
energy exploration, have led to coastal marshland areas being deprived of the vital 
replenishing of sediments and freshwater (CPRA 2012). It has been determined that the 
state loses 42.92 km2 of land each year (Couvillion et al. 2011). This rate of loss is a 
major concern as wetland areas act as a buffer against rising surges from hurricanes. In 
addition, the loss of these areas has put a strain on aquatic wildlife since the smaller 
organisms are without a protected habitat. Many projects have been undertaken to protect 
the coastline (Kaiser 2006; Winnefeld and Lothenbach 2010). 
Currently, the State of Louisiana uses limestone imported from Arkansas for 
many of its artificial reefs and coastal protection projects. The cost of many of these 
projects is too high, i.e., US$40 ton-1 to be economically sustainable for future 
applications (Schexnayder 2016, Personal Communication). A more cost effective 
solution would be to utilize locally available materials to build structures able to both 
protect the coastline and support aquatic wildlife. Previous studies (Guo et al. 2001; 
Rusch et al. 2005) have proposed solidifying/stabilizing phosphogypsum with class C fly 
ash and type II Portland cement to provide a local material for coastal protection. 
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2.2. Solidification/Stabilization Techniques 
Solidification/stabilization techniques utilizing cement provide a means of 
encapsulating and rendering hazardous materials safe for use and/or disposal (Batchelor 
2006; Conner 1990; Shi and Spence 2004). The hydration of cement particles effectively 
bind and immobilize waste products through adsorption onto the matrix. Through this 
solidification process, the physical properties of the waste are improved to meet 
regulatory standards allowing for alternative uses. The process of stabilization occurs 
when cement increases the pH of the waste product to precipitate contaminants within the 
matrix (Batchelor 2006). However, reactions between sulfate and the hydrating cement 
molecule are known to be detrimental to the concrete structure (Collepardi 2003). 
Internal sulfate attack is a specific cause that may lead to delayed ettringite formation 
(DEF). Increased levels of localized ettringite cause volumetric expansion ultimately 
leading to cracking (Collepardi 2003). A cement that offers resistance to sulfate attack is 
needed. Lower concentrations of tricalcium aluminate (C3A) in type II Portland cement 
(Table 2.1) provide moderate resistance to sulfate attack. 
Table 2.1. Comparison of the standard composition requirements between type I and type 
II Portland cement (Tricalcium aluminate – C3A) (ASTM 2002). 
Cement type I II 
Al2O3, max, % - 6.0 
Fe2O3, max, % - 6.0 
MgO, max, % 6.0 6.0 
C3A, max, % - 8 
SO3, max, %   
when C3A is 8% or less 3.0 3.0 
when C3A is more than 8% 3.5 n.a. 




2.3. Portland Cement Binder 
The relative amounts of the four phases described in Table 2.1 determine the 
characteristics of the cement once hydrated (Taylor 1997). C3A controls the early setting 
of the cement mixture through its very rapid hydration. However, C3A, as mentioned 
previously, reacts with sulfate to produce alumina, ferric oxide, tri-sulfate (AFt) phases 
such as ettringite (Kelham 1996). Higher concentrations of tetracalcium aluminoferrite 
(C4AF) in cement have been recognized to retard the production of ettringite in the 
presence of sulfate (Fukuhara et al. 1981). Tricalcium silicate (C3S) and dicalcium 
silicate (C2S) are responsible for the long-term setting of the cement mixture. Cements 
with high amounts of C3S will display much quicker hydration leading to increased early 
strengths. However, the ultimate long-term strength of the concrete will be lower. Higher 
amounts of C2S will have slower hydration, but increased long-term strengths (Levy 
2012). 
2.4. Class C Fly Ash Binder 
To decrease the high cost of cement, i.e., $120 ton-1 (Statista 2017),fly ash (i.e., 
$50 ton-1) (Johnson, Personal Communication, 2014) can be used as a partial 
replacement. Utilization of fly ash improves the workability and later strengths of the 
concrete (Cheung et al. 2011). Fly ash is a siliceous and aluminous glassy material that 
results from the process of burning coal. Specific types of fly ash are obtained depending 
on the type of coal that is burned. Class C fly ash (Table 2.2) results from the burning of 
subbituminous and lignite coals. 
The pozzolanic properties of fly ash make it an excellent admixture with cement. 
In a pozzolanic reaction, calcium hydroxide is combined with silicates to produce 
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calcium silicate hydrate, a major component of the strength producing hydrates of cement 
(Papadakis 2000). The beneficial effects of the pozzolanic properties of fly ash have been 
confirmed in the literature. Specifically, fine fly ash particles produce high strength 
structures and have increased sulfate resistance by being more reactive with calcium 
hydroxide (Chindaprasirt et al. 2004). Cass C fly ash also has cementitious properties due 
to the increased calcium oxide content compared to other classes of fly ash (Papadakis 
2000). 
Table 2.2. Characteristic properties of class C fly ash as described in ASTM (2015). 
Chemical Properties Ratio 
SiO2 + Al2O3, min 0.5 
CaO 0.2 
SO3, max 0.05 
Moisture content, max 0.03 
Loss on ignition 0.06 
2.5. Stabilization of Phosphogypsum and Fluorogypsum for Aquatic Applications 
Phosphogypsum (PG), a material locally available in Louisiana, is an acidic, 
moist powder that contains some toxic metals and radionuclides in low concentration. It 
is mostly CaSO4·H2O, but it also contains phosphoric acid, complexes with calcium and 
fluorides, and some organic matter (Tayibi et al. 2009). The chemical composition of PG 
produced in the State of Louisiana is shown in Table 2.3. The utilization of PG may be 
grouped into three broad categories: raw chemical, agricultural, and construction (Lloyd 
1985). Only 15% of the phosphogypsum produced worldwide is utilized (Tayibi et al. 
2009). The main hindrance to the full utilization of PG is the presence of radium-226. 
Radium is of main concern since it decays into radon gas releasing alpha particles, which 
can be easily inhaled. However, aquatic applications of PG are promising because they 
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virtually eliminate the airborne vector of transmission due to radon's high solubility in 
water (Rusch et al. 2002). 
Table 2.3. Chemical composition of phosphogypsum produced in Louisiana, U.S. (Taha 
et al. 1995). 
Component Content (%) 
SO4 50-53 
CaO 29-31 






a. value for pH listed 
 
PG is highly soluble in saltwater (4.1 g/L) (Guo et al. 1999). This material must 
be stabilized before aquatic application. Several pressurized formations of PG, class C fly 
ash (FA), and Portland type II cement (PC) have been shown to resist dissolution. The 
two compositions, 73% PG, 25% FA, 2% PC and 62% PG, 35% FA, 3% PC, were shown 
to be cost effective (Deshpande 2003). 
Previous research has extensively studied the stabilization of PG. Studies have 
shown that a 30% concentration of cement, as the sole binding agent, is required to 
stabilize PG (Guo et al. 1999; Guo et al. 1999). Additives such as lime have been used to 
lower the amount of cement required for stabilization (Rusch et al. 2002). However, lime 
was determined to be an ineffective stabilizing additive. Once FA was determined to be 
an effective additive (Guo et al. 2001), the augmented simplex centroid design with 
pseudocomponents was used to determine the optimum amounts of PG, PC, and FA to 
maintain physical integrity when exposed to a marine environment (Guo et al. 2003). PG 
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is classified as a technologically enhanced naturally occurring radioactive material 
(TENORM). Field applications of PG are heavily regulated requiring special permitting 
for usage. Therefore, the use of an alternate industrially produced by-product gypsum, 
without regulatory restrictions, should be explored. 
Fluorogypsum (FG) (Table 2.4) is a material similar to PG. However, it does not 
contain radionuclides. Several studies have demonstrated that mixing FG with fly ash and 
cement can lower the solubility in water (Yan et al. 1999; Yan and You 1998). Mixing 
FG with ground granulated blast furnace slag has also been shown to increase water 
resistance (Garg and Pundir 2014). Specifically, the decrease in pore volume due to the 
pozzolanic reaction of fly ash was determined to be main mechanism by which the 
compressive strength and water resistance improved (Garg and Pundir 2014). 
Table 2.4. Chemical composition of fluorogypsum produced in India (Garg and Pundir 
2014). 
Component Content (%) 
CaF2 1.32 
SiO2 + insoluble in HCl 1.65 




Loss on ignition 0.31 
pH 2.8a 
a. value for pH listed 
Fluorogypsum has found some usage as a road bed material (Wang et al. 2004). 
Considering exposure to a marine environment, FG has been proposed a major 
component (83%) of super-sulfated cement (Jain and Garg 2015). The super-sulfated 
cement, a composition of FG, granulated blast furnace slag, and ordinary Portland 
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cement, was found to have a higher sulfate resistance compared to Portland cement as 
confirmed with a volumetric expansion of 0.023% at 14 days of curing in water (Jain and 
Garg 2015).  
2.6. Assessing Effects of Water on Stabilized Gypsum 
One of the main considerations to assess the long-term stability of a material 
exposed to a given environment is the effective diffusion coefficient (Guo et al. 2004). 
Maximum diffusion coefficients for an acceptable stabilized composition of 
phosphogypsum have been determined to be 2.65×10-13m2s-1  for calcium and 
3.15×10-13m2s-1 for sulfate (Deshpande 2003). It should be noted that diffusion 
coefficients should not be the only factor when determining long-term stability (Rusch et 
al. 2002). Potential water intrusion, specific surface area, and rupture development must 
also be considered. The formation of a calcium carbonate coating, due to a surface pH > 
10 in the presence of carbonates, has also been shown to be vital for long-term stability 
(Guo et al. 2001). 
A simple diffusion model is described in EPA Method 1315 (USEPA 2013). This 
model enables the approximation of certain leaching behaviors in a dynamic system. In 
this simple diffusion model, a zero surface concentration of a constituent of potential 
concern (COPC) is assumed. Both calcium and sulfate concentration are significant in 
saltwater. Therefore, a more complete model, which includes a non-zero surface 
concentration assumption, is needed to characterize the leaching. A model has been 
specifically developed for this purpose (Guo et al. 2004). The one dimensional diffusion 








       0<x<∞, 0<t (2.1) 
where C is the concentration of the leaching ions, De is the effective diffusion coefficient, 
t is time, and x is the one-dimensional coordinate into the specimen from x=0 to x→∞. 
The initial condition is given as: 
 at t = 0, C = C0 (initial content in stabilized solid) (2.2) 
The boundary condition for this model is given as: 
  at x = 0, C = C1 (ion concentration at solid-water interface) (2.3) 
Given these conditions, Equation 2.1 has been solved as: (Crank 1979; de Groot and van 






 erf x = 2
π












+…  (2.6) 
As x→0, Equation 2.6 reduces to: 
 erf x = 2x
π
 (2.7) 








which is differentiated and substituted into Equation 2.1 as: 
 dC
dt x→0
=	 C0-C1 1πDet (2.9) 
At the solid solution interface, the mass release, J(t), of diffusing substances at a specific 










	=	K2(C0-C1) t (2.11) 




The cumulative mass release for any value of x may be calculated considering a pure 
diffusion process with no reaction. 
A statistical model was developed (Guo et al. 2004) to identify the kinetic-leaching 
processes of surface wash-off (w), diffusion (d), and dissolution (ds): 
 F(t)w	=	K1 ∙ C0-C1 	+	e (2.13) 
 F(t)d	=	K2 ∙ C0-C1 ∙ t	+	e (2.14) 
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 F(t)ds	=	K3 ∙ C0-C1 ∙	t	+	e (2.15) 
Combining Equation 2.13, 2.14, and 2.15 results in: 
 F(t) =	 C0-C1 · K1+K2· t+K3·t  + e (2.16) 
Equation 2.16 represents the full model considering the three leaching process: surface 
wash off, diffusion, and dissolution/precipitation (de Groot and van der Sloot 1992). The 
coefficients K1, K2, and K3 may be determined by regressing with time and the residual, e, 
can be checked for normal distribution and common variance. 
 The critical time (tc), i.e., the time in which diffusion out of the sample equals 






The critical time is important because it shows when the leaching of the COPC should 
cease. The results of this model were confirmed since the effective diffusion coefficients 
calculated by the regression model were comparable to those determined by the simple 




Chapter 3. Estimating Sulfate Effective Diffusion Coefficients of 
Stabilized Fluorogypsum for Aquatic Applications 
3.1. Introduction 
Coastal land loss has been identified as a major concern in the southeastern 
United States (Morton 2003). Specifically, the State of Louisiana has lost approximately 
3500 km2 of coastal land from 1956 to 2006 (Barras et al. 2008). The degradation of 
natural oyster reefs has also been identified as a major concern for Louisiana due to 
decreases in economic benefits and coastal protection (Grabowski and Peterson 2007; 
Kirby 2004). Therefore, addressing land loss and loss of natural oyster reefs is a high 
priority in coastal regions (Couvillion et al. 2011; CPRA 2012). 
In Louisiana, establishment of natural oyster reefs has been shown to provide 
sustainable shoreline protection (Piazza et al. 2005). Piazza et al. (2005) suggested that 
construction of natural oyster reefs is limited by the availability of oyster cultch. As an 
alternative to oyster cultch, limestone accounts for nearly half of the non-native material 
used for construction of artificial oyster reefs (Furlong 2012). However, limestone is not 
locally available in coastal Louisiana and needs to be transported from other states, which 
substantially affects the cost of artificial reef construction (Rusch et al. 2005). Locally 
available economical alternatives to limestone are needed to decrease cost for coastal 
applications. Industrial by-product gypsums have been studied for various applications 
and may provide an economical component in construction materials for aquatic 
applications (Guo et al. 2001; Rusch et al. 2005; Wilson et al. 1998). Two industrial by-
product gypsums, i.e., phosphogypsum, obtained from the production of phosphoric acid, 
and fluorogypsum, obtained from the production of hydrofluoric acid, are available in 
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large quantities along United States (US) coastal regions, with estimates ranging from 
millions to billions of tons (Korcak 1998; Tayibi et al. 2009).  
Extensive study of phosphogypsum (PG) indicated that this material needs to be 
solidified/stabilized (s/s) with type II Portland cement (PC) and class C fly ash (FA) 
formed with pressurization before its potential implementation in aquatic environments 
(Guo et al. 2004; Guo et al. 2003; Guo et al. 1999; Rusch et al. 2002). Beneficial re-use 
of PG in aquatic applications may reduce the risk of radon transmission while providing a 
much needed substrate for coastal applications (Guo et al. 2001). However, the use of PG 
is restricted by the US Environmental Protection Agency (EPA) to agricultural 
applications (Alcordo and Rechcigl 1993). Therefore, use of alternative gypsums and 
fabrication methods to decrease costs should be explored for immediate utilization. 
Fluorogypsum (FG) is generated as a by-product from the combination of 
fluorspar with sulfuric acid. Approximately 894,000 metric tons of FG are produced each 
year in the U.S. (USEPA 1992). The EPA has determined that the chemical 
concentrations in FG are not expected to pose a risk to human health and the environment 
(USEPA 1990). Due to the acidity of FG, additions of lime or circulating fluidized bed 
ash (CFB) are blended with fluorogypsum to adjust the pH to approximately 7 or 8 (Garg 
and Pundir 2014; LA Ash 2017). The pH-adjusted fluorogypsum (pFG), also referred to 
as blended calcium sulfate, has found usage in dry applications as a road bed material 
(Wang et al. 2004; Wu et al. 2010). Similar to other gypsums, pFG must be stabilized to 
be implemented in aquatic environments, due to its solubility (2.0-2.5 g	L-1) in 
concentrated sodium chloride solutions (Bock 1961). 
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For applications in aquatic environments, the dissolution potential of a 
composition of pFG solidified/stabilized with PC and FA (sFG) may be assessed by 
estimating the effective diffusion coefficient (De) (Guo et al. 2001). Gypsum is composed 
of approximately 56% sulfate; therefore, most of the mass loss in sFG can be attributed to 
sulfate release. Hence, the sulfate De, estimated from sulfate release, can be used as a 
proxy to assess the dissolution potential (Guo et al. 2004) of sFG for aquatic applications. 
To fully describe the dissolution potential of sFG, other factors, such as potential water 
intrusion, specific surface area, and rupture development (Rusch et al. 2002), should be 
considered in combination with sulfate De.  
Several studies have indicated the relationship between De and effective diffusion 
depth to describe surface integrity for prediction of long-term survival (Duedall et al. 
1983; Guo et al. 2001). Many studies of a similar nature have examined the diffusion of 
ions (e.g., chloride) into the concrete (Gowripalan et al. 2000) or polymer (Chin et al. 
1999) structure. This study focuses on the diffusion of sulfate out of sFG specimens as an 
indication of its dissolution potential. The objective of this study is to determine the 
effect of composition and salinity on the dissolution potential of sFG by estimating the 
sulfate De. This information is crucial to determine if a given sFG composition can be 
appropriate for aquatic applications.  
3.2. Materials and Methods 
A modified procedure based on the EPA Method 1315 (USEPA 2013) is adopted 
here to obtain the sulfate release of sFG. The EPA Method 1315 has been used to 
measure the mass transfer release of constituents of potential concern (COPC) from 
concrete with fly ash replacement of cement (Garrabrants et al. 2014). Thus, this method 
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has been shown to provide a reliable framework for obtaining leaching characteristics of 
cement and fly ash-based materials. Several modifications to this method were included 
to address the testing of sFG, as described in the following subsections. 
3.2.1. Materials and Specimens Preparation 
The components pFG, PC, and FA, obtained locally in the State of Louisiana, 
were oven dried at 45°C for 14 hours to remove free water (Turk and Bounini 1984). The 
mass of 21 cations and sulfate in each component is shown in Table 3.1. Each component 
was then sieved (US standard sieve #18) to recover particles with less than 1 mm 
diameter to ensure that the materials were homogeneous within small specimens. The 
dried and sieved pFG (60%-90%) was combined with dried and sieved PC (2%-10%) and 
FA (8%-38%) to produce the eleven compositions listed in Table 3.2. The materials cost 
per short ton of each composition is also provided for comparison to the cost per short ton 
of limestone. The cost per short ton of pFG is significantly less than the cost per short ton 
of FA and PC. Therefore, compositions with higher amounts of pFG should be preferred 
to reduce costs. A detailed economic analysis including for example, cost of production, 
transportation, and coverage based on density is needed for a direct comparison between 
sFG and limestone but is outside the scope of this work.   
Deionized (DI) water was added to the mixture of pFG, PC, and FA in a volume 
based on 20% to 25% of the dry mass assuming a 1:1 ratio of mass (g) to volume (mL). 
Approximately 100 g of the wetted mixture was then set in a 3.6 cm-diameter by 6.1 cm-
length cylindrical mold for 24 hours. After 24 hours, the specimens were removed and 
placed in sealable bags at 100% humidity and cured for 28 days at 21 ± 2°C. All 
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specimens were then air dried at 21 ± 2°C for 7 days before the start of the dynamic 
leaching test. 
Table 3.1. Mass of the identified cations and sulfate in each of the components: pH-
adjusted fluorogypsum (pFG), type I/II Portland cement (PC), and class C fly ash (FA). 
Component Al As B Ba Ca Cd Co Cr 
pFG 428 3.66 293 46.0 246665 0.631 1.34 2.64 
PC 24557 6.17 45.5 374 405715 0.900 7.99 112 
FA 79920 7.73 565 3389 189059 1.662 20.0 71 
Component Cu Fe K Mg Mn Na Ni 
pFG 2.79 521 190 249 39.0 398 10.0 
PC 89.7 23421 3314 15667 885 1717 39.8 
FA 105 36588 3078 33319 120 10994 44.1 
Component P Pb Si Sr V Zn SO4 
pFG 68.2 3.29 52.0 30.2 21.2 5.66 624511 
PC 490 24.1 179 415 75.9 959 40837 
FA 1054 20.1 171 1946 109 97.4 46649 
Note: units of each value are in mg kg-1; Chloride is below the detection limit 
Table 3.2. Composition of pFG, PC, and FA as percentages of dry weight and materials’ 










90 10 0 14.70 
90 2 8 9.10 
80 10 10 19.40 
80 6 14 16.60 
80 2 18 13.80 
70 10 20 24.10 
70 6 24 21.30 
70 2 28 18.50 
60 10 30 28.80 
60 6 34 26.00 
60 2 38 23.20 
 
Triplicate specimens of each composition were exposed to solutions 
representative of three aquatic environments: saltwater (30 g L-1), brackish water (15 g 
L-1), and freshwater (0.5 g L-1). The solutions were prepared by mixing Instant Ocean® 
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with DI water and measuring the salinity as total dissolved solids (TDS) with a HACH 
sensION5 Conductivity meter.  
3.2.2. Dynamic Leaching Test 
The dynamic leaching tests were performed according to the following modified 
version of EPA Method 1315: (1) each specimen was suspended in 850 mL of solution, 
based on a 9±1:1 ratio of solution volume (mL) to specimen surface area (cm2). (2) The 
specimen was then transferred into a freshly prepared solution according to the following 
exchange schedule: 0.08, 0.29, 1, 2, 3, 4, 5, 7, 10, 14, 21, 28, 35, 42, 49, 63, and 77 days. 
The number of time intervals was increased when compared to the ordinary EPA Method 
1315 to accommodate an expected increased flux of sulfate. In particular, this 
modification added time intervals at 0.29, 3, 4, 5, 10, 21, 35 and 77 days. (3) At each 
exchange time interval, the volume, temperature, pH, oxidation-reduction potential, and 
conductivity of the eluate (i.e., solution remaining after the specimen has been 
transferred) was measured by a Myron Lâ Company Ultrameter III. (4) A 30 mL 
specimen of completely mixed eluate was filtered through a 0.45 µm hydrophilic 
polypropylene GH Polypro membrane disk filter, and the sulfate concentration was 
measured by spectrophotometry (SmartChem® 170 Discrete Analyzer – Unity 
Scientific).  
Other modifications to EPA Method 1315 include: (1) the use of simulated 
saltwater (30 g L-1), brackish water (15 g L-1), and freshwater (0.5 g L-1) as the solvent 
system to obtain representative mass releases of specimens exposed to these 
environments. By contrast, EPA Method 1315 refers only to the use of DI water. (2) The 
reduction of minimum sample size from 5 cm to 3.6 cm in the direction of mass release. 
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Preliminary analysis by scanning electron microscope (SEM) to observe diffusion depth 
indicated specimens adhere to semi-infinite diffusion processes. 
EPA Method 1315 uses a simple diffusion model to approximate the leaching 
behaviors in a semi-dynamic system. In this simple diffusion model, a zero surface 
concentration of a COPC is assumed. A model that includes a non-zero surface 
concentration assumption is needed when the COPC has a measurable concentration in 
the system. Guo et al. (Guo et al. 2004) specifically developed a model for this purpose. 
The general diffusion equation for one dimensional flux under non-steady state 






  (3.1) 
where C is the concentration of the COPC, t is time, De is the effective diffusion 
coefficient of the COPC, and x is the one-dimensional length coordinate. Under the 
conditions 
 C = 
Cx ≠ Cb,C0 at F(t)	>	0, x	>	0, t	≥	0
C0	=	Cb at F(t)	=	0, t	>	0  	
where Cx is the concentration at position x, Cb is the bulk concentration, C0 is the surface 
concentration as x moves into the block from x = 0 to x → ∞, and F(t) is the release of the 
COPC at t and under the condition x → 0, Guo et al. (2004) developed a full leaching 
model through statistical analysis from the solution to Fick’s second law (Crank 1979) as 
 F(t) =	 C0-C1 · K1+K2· t+K3·t  + e (3.2) 
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where K1 represents the surface wash-off process, K2 represents the diffusion process, K3 
represents the long-term kinetically controlled dissolution/precipitation process, and e 
denotes the error term, i.e., the residual. In this study, the K1 parameter associated with 
surface wash-off is assumed to be negligible as specimens were pre-rinsed in solution 
before submersion. Regressing Equation 3.2 with K1 equal to zero on the cumulative 
mass release versus time enables the determination of the two parameters K2 and K3 that 
describe the leaching processes. To estimate De, the rate constant of the diffusion process, 




Guo et al. (2004) also showed the critical time (tc), i.e., the time in which 
diffusion out of the specimen equals precipitation on the specimen (Equation 3.4), can be 
estimated by differentiating Equation 3.2 with respect to time and setting the daily flux 
equal to zero, i.e., dF
dt
	=	0, as 





3.3. Results and Discussion  
The results of the regression analysis performed using Equation 3.2 on the 
diffusion (K2) and dissolution (K3) processes are presented in Table 3.3 for all eleven 
compositions and three salinities considered in this study. The estimation of De and tc 
from Equation 3.3 and Equation 3.4, respectively, are shown in Table 3.4. Comparison of 
the 95% confidence intervals for De, determined from the 95% confidence intervals of the 
K2 coefficient, is presented in Figure 3.1 for each composition and salinity. The 
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determination of significant differences between the De of various compositions and 
salinities are calculated by a one-way analysis of variance (ANOVA) on the summary 
statistics (Larson 1992) of the K2 parameter using a Tukey adjustment with a significance 
level (α) equal to 0.05. 
Table 3.3. Diffusion (K2), and dissolution/precipitation (K3) rate constants for 
compositions exposed to saltwater (30 g L-1), brackish water (15 g L-1), and freshwater 
(0.5 g L-1) solutions. 
 Saltwater Brackish water Freshwater 
aComposition bK2 cK3 bK2 cK3 bK2 cK3 
90-10-0 1.34 2.09 1.81 -3.42 1.87 -10.70 
90-2-8 1.73 0.25d 2.28 -5.28 2.26 -4.36 
80-10-10 1.76 -5.41 2.03 -5.66 1.18 -8.40 
80-6-14 1.99 -2.78 2.61 -5.90 1.90 -2.27 
80-2-18 2.10 -4.00 2.32 -4.13 1.82 -2.29 
70-10-20 1.60 -3.97 1.85 -5.03 1.05 -5.16 
70-6-24 1.90 -1.61 2.23 -3.90 1.89 -2.64 
70-2-28 1.55 -0.55d 2.26 -6.38 1.65 -1.96 
60-10-30 1.60 -5.24 2.24 -8.93 1.44 -8.23 
60-6-34 1.58 -0.15d 2.10 -3.32 1.83 -3.85 
60-2-38 1.45 -2.41 2.27 -8.04 1.33 -4.10 
a(%pFG-%PC-%FA) b(10-2 cm d-0.5) c(10-4 cm day-1) 
dnot significantly different than 0 
Table 3.4. Bulk sulfate content (Cb), sulfate surface content (C0), effective diffusion 
coefficient (De), and critical time (tc) for compositions exposed to saltwater (30 g L-1), 
brackish water (15 g L-1), and freshwater (0.5 g L-1) solutions. 
 Saltwater Brackish water Freshwater 
aComposition eCb fC0 gDe htc fC0 gDe htc fC0 gDe htc 
90-10-0 794 2.81 1.63 1,028 1.40 2.96 697 0.046 3.19 77 
90-2-8 768 2.67 2.73 119,801i 1.33 4.71 466 0.044 4.65 673 
80-10-10 746 2.75 2.81 264 1.38 3.76 323 0.045 1.26 49 
80-6-14 694 2.41 3.61 1,281 1.20 6.19 922 0.040 3.29 1,754 
80-2-18 740 2.70 3.99 686 1.35 4.90 789 0.045 2.99 1,575 
70-10-20 667 2.55 2.32 404 1.27 3.11 338 0.042 0.995 103 
70-6-24 642 2.40 3.27 3,454 1.20 4.50 814 0.039 3.24 1,282 
70-2-28 650 2.54 2.19 20,100i 1.27 4.64 314 0.042 2.48 1,775 
60-10-30 563 2.37 2.33 233 1.19 4.56 157 0.039 1.89 77 
60-6-34 557 2.33 2.27 265,564i 1.16 4.02 1,004 0.038 3.05 565 
60-2-38 563 2.37 1.92 908 1.18 4.69 199 0.039 1.62 265 




Figure 3.1. Comparison of the sulfate effective diffusion coefficient (De) with 95% 
confidence intervals for compositions exposed to saltwater (30 g L-1), brackish water (15 
g L-1), and freshwater (0.5 g L-1) solutions. 
Hereinafter, any given sFG composition is identified by three numbers indicating 
the percentage content by weight of pFG, PC, and FA, respectively, separated by a 
hyphen, as %pFG-%PC-%FA. Based on the leaching model (Equation 3.2) with K1 equal 
to zero, the measured ei follow a normal distribution with a p-value (p) larger than or 
equal to 0.05 (i.e., p ≥ 0.05) for at least one of the Shapiro-Wilk, Kolmogorov-Smirnov, 
Cramer-von Mises, or Anderson-Darling tests for all compositions exposed to each of the 
three considered salinities excluding composition 70-6-24 in brackish water and 
freshwater. Levene’s test for homoscedasticity on studentized e indicates three out of 
eleven compositions exposed to saltwater (i.e., 80-2-18, 70-10-20, and 60-10-30) have 
homogenous (p ≥ 0.05) or approximately homogenous variance (0.025 ≤ p < 0.05). For 
specimens exposed to brackish water, only two compositions (i.e., 90-10-0 and 90-2-8) 
do not have homogenous or approximately homogenous variance. In freshwater, five 
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compositions (i.e., 80-10-10, 70-10-20, 70-6-24, 70-2-28, and 60-10-30) have 
homogenous or approximately homogenous variance. 
3.3.1. Behavior of Different Compositions in Saltwater 
As reported in Table 3.3, all K3 values are negative, except for composition 
90-10-0. This result implies that dissolution and not precipitation is the dominant process 
for composition 90-10-0 when compared to the other compositions. Three compositions 
(i.e., 90-2-8, 70-2-28, and 60-6-34) have K3 values that are not significantly different that 
zero. This result indicates that diffusion will remain the dominant process throughout 
exposure to saltwater of specimens consisting of these compositions. 
The sulfate De values range from 1.63×10-13 to 3.99×10-13m2s-1 in saltwater 
(Table 3.4). These results are consistent with those obtained by Guo et al. (2004) 
(2.77×10-13to 5.02×10-13m2s-1) for pressurized briquettes consisting of PG, PC, and FA. 
The similar range of sulfate De values estimated for similar sFG and s/s PG compositions 
may indicate that the fabrication methods (pressurized vs. non-pressurized) do not affect 
the sulfate De. This result also may imply that the decrease in surface porosity obtained 
using a pressurized fabrication method does not contribute to a decrease in sulfate De. 
However, since many studies have recognized the importance of porosity on De (Rozière 
et al. 2009; Sarkar et al. 2012; Sun et al. 2013), the observed phenomenon could also be 
explained by the effects of the neutralization of FG. The increase in pH by addition of 
lime or CFB ash may balance the effects of higher porosity due to the non-pressurized 
fabrication of sFG on sulfate De, when compared to pressurized s/s PG compositions in 
which the PG was not initially mixed with lime or CFB ash.  
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For the compositions with 2% PC, the lowest estimated sulfate De in saltwater 
occurs at 60% pFG. The De values increase with increasing pFG content to a maximum 
of 3.99×10-13m2s-1 at 80% pFG. This trend of increasing De is confirmed by the trend of 
increasing sulfate release, as observed in Figure 3.2. The cumulative sulfate release at 77 
days (Figure 3.2) for compositions 90-2-8 and 80-2-18 is not significantly different. This 
result indicates the low content of cementitious material (≤ 20%) with 2% PC for high 
contents of pFG (> 80%) insufficiently decreases the dissolution potential of sFG in 
saltwater. Therefore, the maximum pFG content should be less than 80% when mixed 
with 2% PC and exposed to saltwater environments. 
 
Figure 3.2. Sulfate release with 95% confidence intervals for indicated compositions 
(%pFG-%PC-%FA) containing 2% PC exposed to saltwater. 
At 10% PC, the sulfate De values follow a similar trend as those at 2% PC, with a 
maximum De occurring in composition 80-10-10. However, composition 90-10-0 has the 
minimum De among the compositions with 10% PC exposed to saltwater. The sulfate De 
for composition 90-10-0 is significantly lower compared to the De corresponding to 
compositions 80-10-10, 70-10-20, and 60-10-30 (p < 0.0001, p = 0.0001, and p < 0.0001 
respectively) as shown in Figure 3.1. 
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The tc values for sulfate in saltwater range from 264 to 265,564 days. The very 
large values of tc for compositions 90-2-8, 70-2-28, and 60-6-34 indicate that the 
specimens of these compositions do not reach equilibrium before complete sulfate release 
at approximately 1,459, 3,142, and 2,143 days, respectively, as determined from Equation 
3.2. The value of K3, which is not significantly different than zero for these compositions, 
leads to the undefined tc value, which implies the failure to reach equilibrium between 
dissolution and precipitation of sulfate. Due to this undefined tc value, these three 
compositions are not recommended for use in saltwater applications. Composition 
80-10-10 is recommended for long-term applications in saltwater due to its low critical 
time (264 days), low sulfate De (2.81×10-13m2s-1), and cost of materials. 
3.3.2. Behavior of Different Compositions in Brackish Water 
All K3 values for specimens exposed to brackish water are negative (Table 3.3), 
indicating precipitation as the dominant long-term process. At 2% PC, no significant 
differences exist in the sulfate De for the various pFG contents. This indicates that 2% PC 
is not a sufficient PC content to reduce the dissolution potential of sFG in brackish water. 
A lower surface pH due to a decreased PC content combined with a decreased 
concentration of ions in brackish water compared to saltwater may inhibit the formation 
of calcium carbonate (CaCO3). The formation of a protective layer of CaCO3 has been 
suggested (Guo et al. 2001) as a major mechanism to reduce the dissolution potential in 
saltwater of a similar material, i.e., s/s PG. Further investigations based on X-ray 
diffraction (XRD) and SEM studies are recommended to determine the potential for sFG 
exposed to brackish water to produce CaCO3 compared to saltwater. 
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At 10% PC, the De for composition 60-10-30 is not significantly different than the 
De for composition 80-10-10. The De for composition 70-10-20 is lower than the De for 
composition 60-10-30 (p < 0.0001) but not significantly different than the De for 
compositions 90-10-0 and 80-10-10 (Figure 3.1). Among the compositions with 6% PC, 
the De for composition 80-6-14 is higher than both 70-6-24 and 60-6-34 (p < 0.0001). 
However, when pFG is kept constant at 80%, the De for composition 80-6-14 is higher 
when compared with the De for compositions 80-10-10 and 80-2-18 (p < 0.0001 and 
p = 0.0002, respectively). Based on these results, it is concluded that the De of sFG 
compositions exposed to brackish water follow no generalized trends. A combination of 
competing phenomena (e.g., increased solubility of sFG in brackish water, pore 
development because of increased ion exchange between CaSO4 and NaCl, and various 
levels of CaCO3 formation) may explain the lack of generalized trends for sFG specimens 
exposed to brackish water. 
The De values for brackish water range from 2.96×10-13 to 6.19×10-13m2s-1, with 
a tc of 157 to 1,004 days (Table 3.4). As a group, the compositions exposed to brackish 
water have higher values of De when compared to compositions exposed to saltwater and 
freshwater. However, the estimated values and variability of tc for brackish water are 
generally lower compared to those for saltwater or freshwater. This result indicates that 
the sulfate diffusion out of sFG specimens exposed to brackish water proceeds at a higher 
rate near first exposure, therefore reaching equilibrium between dissolution and 
precipitation of sulfate also at a faster rate. To examine this claim and provide a 
recommendation on a sFG composition for use, additional long-term testing of sFG 
compositions exposed to brackish water is needed.  
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3.3.3. Behavior of Different Compositions in Freshwater 
For specimens exposed to the freshwater solution, all compositions have negative 
values K3 indicating precipitation as the long-term dominant process. The sulfate 
concentration measured at several exchange intervals for composition 90-2-8 is consistent 
with the leaching of gypsum from recovered construction and demolition debris in DI 
water (Jang and Townsend 2001). However, this composition resulted in the most sulfate 
release for all compositions and various solutions tested. 
The stabilization of pFG with PC and FA is highly effective when the sFG is 
exposed to freshwater. Low sulfate releases (< 40 mg cm-2) are observed for 
compositions containing 10% PC, except for composition 90-10-0 (Figure 3.3). The 
sulfate releases of compositions containing 60%, 70%, and 80% pFG with 10% PC at 77 
days of exposure to freshwater are not significantly different. This result indicates that the 
dissolution potential of sFG has been sufficiently reduced with 80% pFG and 10% PC 
when exposed to freshwater. 
 
Figure 3.3. Sulfate release with 95% confidence intervals for indicated compositions 
(%pFG-%PC-%FA) containing 10% PC exposed to freshwater. 
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However, the sulfate De for composition 60-10-30 is higher compared to the 
sulfate De of compositions 70-10-20 and 80-10-10 (p < 0.0001 and p = 0.0003, 
respectively). In this case, the lower bulk sulfate content in composition 60-10-30 
compared to compositions 80-10-10 and 70-10-20 (Cb; Table 3.4) results in a higher De 
despite no significant difference in sulfate release. Therefore, the use of De should be 
preferred to the use of mass releases to enable a consistent comparison of compositions 
with various bulk contents. 
At 2% PC, the sulfate De values decrease with decreasing pFG content. There are 
no significant differences in the sulfate De due to various pFG contents at 6% PC. At 10% 
PC, the minimum De occurs for 70% pFG content (Table 3.4). Composition 70-10-20 has 
the lowest measured De among all compositions, i.e., 9.95×10-14m2s-1. The tc for 
compositions exposed to freshwater have a range between 49 and 1,775 days. 
Composition 80-10-10 is recommended for freshwater applications due to a low tc value 
(49 d), a sulfate De that is not significantly different from that of composition 70-10-20, 
and a lower materials cost due to higher amount of pFG.  
3.3.4. Effects of Different Salinity 
It is observed that, generally, the sulfate release of sFG at 77 days of exposure as 
a function of salinity decreases from brackish water to saltwater, and with further 
decreases from saltwater to freshwater. This trend is clearly shown for the two 




Figure 3.4. Comparison of sulfate release in saltwater, brackish water, and freshwater 
solutions for two representative compositions (%pFG-%PC-%FA): (a) 80-10-10, and (b) 
60-2-38. 
Specimens exposed to brackish water have a higher sulfate release compared to 
specimens exposed to saltwater for all compositions except for composition 90-10-0. This 
result indicates that the solubility of sFG does not increase monotonically with salinity. 
This finding is consistent with the experimental and modelling results presented by 
Meijer and Van Rosmalen (1984), where gypsum was found to have an initial increase in 
solubility with the concentration of a solvent to a maximum before decreasing at higher 
concentrations of the solvent. Meijer and Van Rosmalen (1984) indicated that gypsum 
becomes saturated in artificial sea water before the maximum solubility of gypsum is 
reached. However, a saturation of gypsum from sFG does not occur due to the exchange 
of water in the dynamic leaching test. This phenomenon allows the maximum solubility 
of sFG to be observed in brackish water resulting in a higher sulfate release compared to 
saltwater. 
The trend of decreasing sulfate De based on the three salinities tested for each 
composition generally follows the sulfate release trend. For all compositions, the sulfate 
De is higher in brackish water than in saltwater (Figure 3.1 and Table 3.4). In addition, 
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the sulfate De is higher in brackish water than in freshwater for all compositions, except 
90-10-0 and 90-2-8.  
Finally, four of the eleven compositions (i.e., 80-10-10, 80-2-18, 70-10-20, and 
60-10-30) have De values that are higher in saltwater than in freshwater (p < 0.0001, 
p < 0.0001, p < 0.0001, and p = 0.0161, respectively). However, the De values for 
compositions 90-10-0, 90-2-8, and 60-6-34 are higher (p < 0.0001) in freshwater than in 
saltwater. The remaining compositions (i.e., 80-6-14, 70-6-24, 70-2-28, and 60-2-38) 
present no significant difference in sulfate De between saltwater and freshwater.  
The values of tc generally increase from brackish water to freshwater to saltwater. 
While useful for predictions of long-term stability, the use of tc as a comparison 
parameter between various salinities and compositions should be avoided due to high 
sensitivity of tc on small changes (and thus also on small estimation errors) in K3. This 
high sensitivity of tc on K3 can produce a large variability of tc under different conditions, 
which can be even more significant for field applications as many competing factors 
(e.g., temperature, flow of water, and influence of aquatic organisms) can affect the 
equilibrium between a solid and a solution.  
3.4. Conclusions 
The dissolution potential of several compositions of stabilized/solidified pH-
adjusted fluorogypsum is parameterized by estimating sulfate effective diffusion 
coefficients. The sulfate effective diffusion coefficients are then utilized for assessing 
potential aquatic applications of stabilized/solidified pH-adjusted fluorogypsum in 
saltwater, brackish water, and freshwater environments. In comparison of these three 
salinities, results indicate the majority of compositions of stabilized/solidified 
33 
 
fluorogypsum considered in this study have a lower dissolution potential in freshwater 
and saltwater environments compared to a brackish water environment. None of the 
compositions examined in this study are recommended, without further investigation, for 
application in brackish water due to the increased solubility of stabilized fluorogypsum 
compared to saltwater and freshwater. A composition of 80% pH-adjusted fluorogypsum, 
10% type I/II Portland cement, and 10% class C fly ash is recommended for saltwater and 
freshwater aquatic applications as an alternative to limestone. This composition is 
recommended due to a low sulfate De of 2.81×10-13m2s-1 in saltwater and 
1.26×10-13m2s-1 in freshwater and an expected ceasing of sulfate release at 264 days in 






Chapter 4. Stabilized Fluorogypsum Composition and Salinity Effects 
on Parameters for Assessing Dissolution Potential in Aquatic 
Applications 
4.1. Introduction 
The State of Louisiana loses approximately 43 km2 per year accounting for 90% 
of all coastal land loss in the continental United States of America (Couvillion et al. 
2011). In addition to the massive land loss, oyster populations along coastal regions are in 
decline (Beck et al. 2011). One cost prohibitive setback to the restoration of oyster 
populations is the availability of oyster cultch (Kirby 2004). Gypsum materials may 
provide a low-cost locally available alternative to limestone for coastal protection 
specifically in the construction of artificial oyster reefs (Guo et al. 2001). Approximately 
1 billion tons of phosphogypsum (PG) are currently stack-piled in Florida with another 
30 million tons produced annually (FIPR 2017). Production of fluorogypsum (FG) at 
849,000 tons per year (USEPA 1992) in the United States may also provide a potentially 
low cost material. Several applications of these materials such as soil stabilization 
(Degirmenci et al. 2007), construction materials (Singh and Garg 1992), and artificial 
reefs (Nieland et al. 1998) have been proposed in the literature. Gypsum must be 
stabilized before usage in aquatic environments due to its high solubility (Guo et al. 
1999). 
The use of calcium effective diffusion coefficients (De) has been identified as a 
parameter to measure long-term dissolution potential of stabilized gypsum materials (Guo 
et al. 1999). Several studies have recognized the importance of determining calcium De to 
estimate the structural stability of cement-based materials (Pichler et al. 2012; Samson 
and Marchand 2007). In these studies, the dissolution/diffusion processes were 
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determined in deionized water. For applications in saltwater environments, extensive 
research (Glasser et al. 2008; Neville 2004; Rozière et al. 2009) has identified the 
detrimental effects of sulfate and chlorides on cement-based materials. For instance, 
internal and external sulfate attack may lead to delayed ettringite formation inducing 
further dissolution of the cement hydration products (Rozière et al. 2009; Sun et al. 
2013). Due to these increased risks for long-term survivability, the determination of 
calcium De in solutions with similar concentrations to saltwater should be established 
before implementation of novel cement stabilized materials. 
Frıas et al. (2014) determined the effect of sodium chloride and sodium sulfate 
solutions on the calcium De of ordinary Portland cement (OPC) and ternary Portland 
cement (TPC) pastes which contain thermally activated paper sludge (10.5%) and fly ash 
(10.5%) to assess degradation of the material. Their results show TPC with a calcium De 
ranging from 6.3 to 25.0×10-13m2s-1 has increased stability in aggressive saltwater 
environments compared to OPC (Frıas et al. 2014). In studies of stabilized gypsum 
material, a pressurized mixture of PG (62% – 77%), class C fly ash (FA) (20% – 35%) , 
and type I/II Portland cement (PC) (1% – 3%) have calcium De with a range of 
2.58 to 4.68 ×10-13m2s-1 when exposed to saltwater (Guo et al. 2004). Calcium De in this 
range of coal combustion wastes stabilized with Portland cement and lime have been 
shown to survive placement in saltwater for greater than 8 years (Hockley and Van der 
Sloot 1991). The formation of a CaCO3 coating on stabilized PG, due to a surface pH of 
10 with exposure to saltwater, was determined to increase survivability of the specimen 
by filling in pore space created by dissolution and encapsulating the specimen (Guo et al. 
2001). In a similar study, PG (55% – 62%), stabilized with FA (35% – 42%) and lime 
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(3% – 10%), have calcium De with a range of 1.15 to 3.14 ×10-13m2s-1 (Rusch et al. 
2002). However, rupture development due to lime content greater than 3% induced 
complete dissolution of the lime and FA stabilized PG when exposed to a saltwater 
environment (Rusch et al. 2002).  
Use of PG has been restricted by the United States Environmental Protection 
Agency (EPA) to agricultural applications where radium concentration is less than 10 pCi 
g-1 (USEPA 2002). FG is produced at a substantially lower rate compared to PG. 
However, FG has been determined to pose no significant threat to human health or the 
environment (USEPA 1990). Therefore, the utilization of FG should be preferred to PG, 
despite the substantially lower production rates of FG, under current EPA regulations. 
Due to the acidity of FG, a common industrial practice is to adjust the pH of FG 
by mixing the freshly produced FG with lime or circulating fluidized bed ash (Garg and 
Pundir 2014; Taha et al. 1995). For this study, the stabilization of pH-adjusted FG (pFG) 
with PC and FA is proposed for aquatic applications. The objectives of this study are to: 
1) determine the effect of composition (i.e., mixture ratios) and salinity measured as total 
dissolved solids (TDS) on the rupture development and calcium De of stabilized pFG 
(sFG) and 2) utilize the rupture development and calcium De to assess the dissolution 
potential of sFG.  
4.2. Materials and Methods 
The current study focuses on the calcium leaching obtained from specimens 
formed and subjected to the EPA Method 1315 dynamic leaching test (USEPA 2013). A 
brief description of the materials, dynamic leaching test procedures, and calculation of 
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effective diffusion coefficients is presented below. The fabrication and testing of sFG is 
presented in greater detail in Chapter 3. 
4.2.1. Fabrication of Specimens 
Each of the components in sFG, i.e., pH-adjusted FG (pFG), PC, and FA, were 
obtained locally in the State of Louisiana. Each component was oven dried at 45°C for 14 
hours to remove free water and sieved to less than 1 mm (US standard sieve #18) (Turk 
and Bounini 1984). After sieving, components were mixed according to the percentages 
of dry mass listed in Table 4.1. Volumes between 200 mL and 250 mL of deionized (DI) 
water were added to 1000 g of each composition for workability of the specimens. 
Specimens were set in 3.6 cm-diameter by 6.1 cm-length cylindrical molds for 24 hours 
and cured in 100% relative humidity for 28 days at 21 ± 2°C. 
4.2.2. Dynamic Leaching Test 
After curing, specimens were air dried for 7 days and then subjected to a modified 
version of EPA Method 1315. In EPA Method 1315, a monolithic specimen is suspended 
in DI water for the cumulative time intervals of 0.08, 1, 2, 7, 14, 28, 42, 49, and 63 days. 
At each time interval, the specimen is exchanged into a fresh solution of DI water to 
simulate a dynamic environment. 
Modifications to EPA Method 1315 include: 1) an increase in the number of 
cumulative time intervals (i.e., 0.29, 3, 4, 5, 10, 21, 35 and 77 days) to decrease the 
potential for saturation of the solution, 2) reduction of the minimum specimen dimension 
from 5 cm to 3.6 cm, and 3) use of the concentrated solutions: 30 g L-1 (saltwater), 15 g 
L-1 (brackish water), and 0.5 g L-1 (freshwater), measured as total dissolved solids (TDS) 
as the solvent system. These solutions were prepared by mixing DI water with Instant 
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Ocean® to simulate exposure to each respective salinity. The TDS of the solutions was 
measured with a HACH sensION5 Conductivity meter. Rupture development (i.e., 
presence of macroscopic cracking) was recorded following the conclusion of the dynamic 
leaching test. Depictions of the compositions which indicate rupture development are 
provided in Appendix B. 
The concentration of calcium obtained at each exchange was determined 
titrimetrically in accordance with Standard Methods 3500-Ca (APHA 2005) with the 
exception of a 0.005 M ethylene-diamine-tetra-acetic acid (EDTA) solution utilized 
instead of the standard 0.01 M EDTA solution. Due to the large dilution factors of 79.5 
for saltwater, 49.2 for brackish water, and 11.6 for freshwater, the decrease in 
concentration of the EDTA titrant was necessary to reduce error. 
4.2.3. Analysis by Scanning Electron Microscope and Energy Dispersive X-
Ray Spectroscopy 
Specimens were analyzed for the presence of a CaCO3 coating by scanning 
electron microscope (SEM) and energy dispersive X-Ray spectroscopy (EDS). 
Specimens were dried at 40°C for 24 hours, cut and positioned on the SEM holder, and 
sputter coated with platinum for 4 minutes. A JSM-6610 LV SEM was utilized for this 
analysis. Specimens were analyzed at an accelerating voltage of 20.0 kV. 
4.2.4. Estimation of Effective Diffusion Coefficients 






  (4.1) 
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where C is the concentration of an ion, t is time, De is the effective diffusion coefficient 
of the ion, and x is the one-dimensional coordinate. Using the solution (Crank 1979) to 
Fick’s second law under the conditions: 
 C = 
Cx ≠ Cb,C0 at F(t) > 0, x > 0, t ≥ 0
C0	=	Cb at F(t) = 0, t > 0  	
where Cx is the concentration at position x, Cb is the bulk concentration, C0 is the surface 
concentration as x moves into the block from x = 0 to x → ∞, and F(t) is the release of the 
ion at t, a full leaching model has been established by Guo et al. (2004) as: 
 F(t) =	 C0-C1 · K1+K2· t+K3·t  + e (4.2) 
where K1 represents the surface wash-off process, K2 represents the diffusion process, K3 
represents the long-term kinetically controlled dissolution/precipitation process, and e 
denotes the error term i.e., the residual. By pre-rinsing the specimens, the K1 parameter 
may be assumed to equal zero. To determine K2 and K3, F(t) i.e., cumulative mass 
release, is regressed versus time. Once these parameters have been determined, the De is 






Finally, the critical time (tc) i.e., the time for dissolution to be in equilibrium with 
precipitation, is estimated by setting the derivative of Equation 4.2 with respect to time 










4.3. Results and Discussion 
Rupture development for each composition exposed to each salinity is recorded in 
Table 4.1. The results of the regression analysis on Equation 4.2 for the K2 and K3 
parameters are shown in Table 4.2. The parameter K1 (not shown) is assumed to be equal 
to zero as the specimens were pre-rinsed before immersion. The calcium De (Equation 
4.3) and tc (Equation 4.4) for each composition of sFG and each salinity is shown in 
Table 4.3. The bulk calcium concentration (Cb) and calcium concentration at the surface 
of the specimens (C0) is also shown in Table 4.3. Significant differences of the calcium 
De were determined by one way analysis of variance (ANOVA) with a Tukey adjustment 
for p-values (p) less than a significance level (α) of 0.05 utilizing the summary statistics 
(Larson 1992) of the K2 parameter. The 95% confidence intervals of the calcium De for 
each composition and concentration is depicted in Figure 4.1. The confidence intervals 
were determined from the standard error of the K2 parameter calculated from the 
regression of Equation 4.2.  
Table 4.1. Rupture development indicated by the presence (Yes) of macroscopic cracking 
or absence (No) of macroscopic cracking for compositions of sFG exposed for 77 days to 
artificial saltwater (30 g L-1), brackish water (15 g L-1), and freshwater (0.5 g L-1) 
solutions. 
aComposition Saltwater Brackish water Freshwater 
90-10-0 No No No 
90-2-8 No No No 
80-10-10 Yes Yes Yes 
80-6-14 Yes Yes No 
80-2-18 No No No 
70-10-20 Yes Yes Yes 
70-6-24 No Yes No 
70-2-28 No No No 
60-10-30 Yes Yes Yes 
60-6-34 No No No 





Table 4.2. Diffusion (K2), and dissolution/precipitation (K3) rate constants for 
compositions exposed to saltwater (30 g L-1), brackish water (15 g L-1), and freshwater 
(0.5 g L-1) solutions. 
 Saltwater Brackish water Freshwater 
aComposition bK2 cK3 bK2 cK3 bK2 cK3 
90-10-0 2.17 -5.95 2.14 -2.97 1.38 -5.62 
90-2-8 2.57 -2.07 2.59 -6.27 1.94 -4.59 
80-10-10 1.73 -1.56 2.06 -0.321d 1.06 -6.73 
80-6-14 2.27 -2.87 3.45 -10.3 1.64 -1.75 
80-2-18 2.62 -9.57 3.18 -10.1 1.63 -1.48 
70-10-20 1.37 2.39d 1.44 -0.699d 0.748 -3.21 
70-6-24 2.80 -9.99 2.44 -4.50 1.49 -1.70 
70-2-28 2.35 -5.46 1.57 0.190d 1.47 -1.66 
60-10-30 2.15 -5.42 1.55 -2.84 1.13 -6.82 
60-6-34 2.16 -5.25 2.14 -4.02 1.23 -2.15 
60-2-38 2.49 -9.86 1.96 -1.21d 1.53 -8.46 
a(%pFG-%PC-%FA) b(10-2 cm d-0.5) c(10-4 cm day-1) 
dnot significantly different than 0 
 
Figure 4.1. Comparison of the calcium effective diffusion coefficient (De) with 95% 
confidence intervals for compositions exposed to 30 g L-1 (saltwater), 15 g L-1 (brackish 




Table 4.3. Bulk calcium content (Cb), calcium surface content (C0), effective diffusion 
coefficient (De), and critical time (tc) for compositions exposed to saltwater (30 g L-1), 
brackish water (15 g L-1), and freshwater (0.5 g L-1) solutions. 
 Saltwater Brackish water Freshwater 
aComposition eCb fC0 gDe htc fC0 gDe htc fC0 gDe htc 
90-10-0 370 0.543 4.29 332 0.272 4.15 351 0.009 1.74 120 
90-2-8 335 0.474 5.99 538 0.237 6.12 217 0.008 3.41 198 
80-10-10 375 0.499 2.71 1042 0.250 3.85 6731i 0.008 1.03 70 
80-6-14 338 0.427 4.66 324 0.213 10.8 210 0.007 2.44 609 
80-2-18 345 0.455 6.24 132 0.228 9.20 197 0.007 2.42 824 
70-10-20 374 0.466 1.71 1157i 0.233 1.88 5440i 0.008 0.509 264 
70-6-24 346 0.416 7.14 358 0.208 5.39 525 0.007 2.02 680 
70-2-28 337 0.416 5.00 317 0.208 2.23 922i 0.007 1.97 371 
60-10-30 355 0.447 4.22 320 0.223 2.18 772 0.007 1.15 71 
60-6-34 340 0.475 4.24 353 0.238 4.15 4732 0.008 1.38 443 
60-2-38 329 0.442 5.63 136 0.221 3.49 1533i 0.007 2.13 81 
a(pFG%-PC%-FA%) e(mg cm-3) f(mg cm-3) g(10-13 m2s-1) h(day) iundefined 
 
The compositions of sFG, hereinafter, are identified by the dry weight percentage 
of each component separated by a hyphen such that the composition 90-2-8 identifies a 
composition of 90% pFG, 2% PC, and 8% FA. Analysis of the residual, e, for each 
composition at each salinity indicated several compositions do not follow a normal 
(p > 0.05) or approximately normal (0.5 > p > 0.25) distribution with homogenous 
(p > 0.05) or approximately homogenous (0.5 > p > 0.25) variance. For instance, 
composition 80-10-10 in saltwater and composition 70-10-20 in brackish water do not 
follow a normal or approximately normal distribution. Only compositions 90-2-8, 70-6-
24, 70-2-28, 60-6-34, and 60-2-38 have homogenous or approximately homogenous 
variance in saltwater. In brackish water, all compositions tested, except compositions 90-
10-0, 70-10-20, and 60-2-38, have homogenous or approximately homogenous variance. 
Finally, all compositions tested in freshwater, except compositions 90-10-0, 90-2-8, and 
60-2-38, have homogenous or approximately homogenous variance. The interpretation of 
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significant differences in De based on the standard error of K2 may be limited for 
compositions without homogenous or approximately homogenous variance. 
The following sub-sections describe the effect of exposure to each of the various 
salinities, i.e., saltwater, brackish water, and freshwater, on calcium De and tc of sFG 
compositions. Significant differences in of calcium De are described for comparisons of 
compositions with constant pFG content and then compositions with constant PC content 
in each salinity. A comparison of the various salinities considering a specific composition 
of sFG is also provided. 
4.3.1. Effect of Exposure to Saltwater 
The presence of ruptures was detected for compositions 80-10-10, 80-6-14, 
70-10-20, and 60-10-30 exposed to saltwater for 77 days (Table 4.1). Severe rupture 
development is most noticeable in compositions 80-10-10 (Figure 4.2) and 70-10-20 
(Figure 4.3). The rupture development is most likely due to volumetric expansion caused 
by the formation of ettringite from internal and external sulfate attack (Oliveira et al. 
2013; Ouyang et al. 1988). Based on these results, it may be expected that in the presence 
of sulfate from saltwater solution, compositions with 6%£PC£10% and £80% pFG will 
develop ruptures due to exposure. Ruptures were not detected in composition 90-10-0. 
However, the dissolution of this composition is similar to that of stabilized PG with no 
fly ash component and less than 30% PC (Guo et al. 1999).  
The K3 values for all compositions, except 70-10-20, are negative which indicates 
the long-term precipitation of calcium. The relative standard errors in the K2 value for 
compositions 80-2-18 and 70-10-20 are greater than 5%. This high variability is a result 
of the measurement of calcium concentration by EDTA titration for a saltwater solution. 
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The increased concentration of ions most likely caused interferences to inhibit the true 
end point of the titration.  
 
Figure 4.2. Comparison of specimens of composition 80-10-10 (%pFG-%PC-%FA) 
unexposed (a) and exposed for 77 days to saltwater (b), brackish water (c), and 
freshwater (d) to detect rupture development. 
 
 
Figure 4.3. Comparison of specimens of composition 70-10-20 (%pFG-%PC-%FA) 
unexposed (a) and exposed for 77 days to saltwater (b), brackish water (c), and 
freshwater (d) to detect rupture development. 
The calcium De, determined from K2, for sFG range from 1.71 to 6.24×10-13m2s-1 
with tc from 132 to 1157 days as shown in Table 4.3. Considering constant pFG content, 
the De significantly increases with decreasing PC content from 10% to either 6% or 2% 
PC for compositions with 90% pFG (p = 0.0412), 80% pFG (p = 0.0005 and p < 0.0001, 
respectively), or 70% pFG (p < 0.0001 and p < 0.0001, respectively). There are no 
significant differences in De between PC contents of 6% and 2% for 80% and 60% pFG. 
However, the De is significantly lower in composition 70-2-28 compared to composition 
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70-6-24. At 60% pFG, the De is not significantly different for any tested PC content (i.e., 
2%, 6%, and 10%). In general, the calcium De is lowest for compositions with 10% PC 
with only minor differences due to a PC content of 6% and 2% PC. 
There are no significant differences in the calcium De for the four pFG contents 
where PC is either 2% or 6%. Only compositions with 10% PC have significant 
differences in De due to pFG content. Specifically, the De for 70-10-20 is significantly 
lower than the De for 90-10-0 and 60-10-30 (p < 0.0001 and p < 0.0001, respectively). 
However, there is no significant difference in the De between compositions 70-10-20 and 
80-10-10.  
A CaCO3 coating was detected by a scanning electron microscope (SEM) on a 
specimen of composition 60-2-38 exposed to saltwater (Figure 4.4). Further analysis by 
energy dispersive X-Ray spectroscopy (EDS), confirmed the presence of carbon on the 
surface of a specimen exposed to saltwater as the percentage of carbon is substantially 
increased compared to the surface of an unexposed specimen (Table 4.4). 
 
Figure 4.4. CaCO3 coating (a) on the surface of a specimen of composition 60-2-38 
exposed to saltwater. 
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Table 4.4. Elemental weight percentage of composition 60-2-38 detected by EDS on the 
inside or on the surface of specimens unexposed and exposed to saltwater, brackish 
water, and freshwater. 
Salinity Location C O F Na Mg Al Si S Cl Ca 
Unexposed Inside 4.46 52.95 2.85 n.d. 1.86 4.18 5.86 6.83 n.d. 19.30 Surface 5.26 50.98 5.25 n.d. 1.14 2.57 3.68 10.81 n.d. 20.30 
Saltwater Inside 7.83 46.52 3.23 1.73 2.12 2.20 3.09 10.25 1.65 21.38 Surface 19.50 38.96 10.13 1.39 4.82 4.36 3.04 0.94 1.44 12.57 
Brackish 
water 
Inside 5.49 51.32 3.22 n.d. 9.53 5.19 6.55 4.49 n.d. 12.08 
Surface 39.89 40.95 3.61 1.52 2.65 2.62 1.77 1.97 0.57 4.45 
Freshwater Inside 8.47 51.01 6.22 n.d. 1.85 4.93 4.94 6.45 n.d. 16.13 Surface 12.89 50.09 5.22 n.d. 1.92 2.54 3.48 8.35 n.d. 15.51 
n.d. not detected 
 
Composition 70-2-28 is recommended for saltwater applications based on the 
results of the calcium De and observations of rupture development. Even though 
compositions 80-10-10 and 70-10-20 have lower calcium De, composition 70-2-28 should 
be preferred due to the severe rupture development in compositions 80-10-10 and 
70-10-20 due to exposure to saltwater. As observed by Rusch et al. (2002), a low calcium 
De does not guarantee survival in a real saltwater environment due to rupture 
development. It is also recognized that the calcium De of composition 70-2-28 is greater 
than the range of calcium De found for stabilized PG (Guo et al. 2004). Therefore, a field 
test of this composition is recommended before full scale industrial production of sFG. 
4.3.2. Effect of Exposure to Brackish Water 
Rupture development was detected for compositions 80-10-10, 80-6-14, 
70-10-20, 70-6-24, and 60-10-30 exposed to brackish water for 77 days (Table 4.1). For 
the K3 parameter, which indicates long-term dissolution/precipitation, three compositions 
(i.e., 80-10-10, 70-10-20, 70-2-28) have values that are not significantly different than 0. 
Based on this result, diffusion is the long-term dominant process for these compositions 
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as long-term equilibrium between dissolution and precipitation of calcium is not expected 
in brackish water. The remaining eight compositions have negative values for K3 that are 
significantly different than 0 (Table 4.2). The average relative standard error for K3 is 
15.8% with a standard deviation of 223%. This indicates there is a large variation within 
the results for K3 and should be considered when interpreting tc values. 
The SEM-EDS analysis also indicated a CaCO3 coating on the surface of a 
specimen of composition 60-2-38 exposed to brackish water. In fact, the relative increase 
of carbon content detected on the surface of the specimen is higher in brackish water 
(39.89%) compared to saltwater (19.50%) (Table 4.4). In addition, the SEM-EDS 
analysis confirmed the assumption of a semi-infinite leaching boundary as the leaching 
zone (i.e., area of higher porosity) penetrates less than 2 mm into a specimen of 
composition 60-2-38 (Figure 4.5). 
 
Figure 4.5. Example of the leaching zone (a) from the surface of a specimen (c) to the 
unaffected core (b) of a specimen of composition 60-2-38 exposed to brackish water. 
The calcium De for compositions exposed to brackish water range from 
1.88 to 10.8×10-13m2s-1 with tc from 197 to 6731 days (Table 4.3). A general trend of 
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increasing calcium De with decreasing PC content is observed for compositions exposed 
to brackish water. At 80% pFG, the calcium De is significantly higher for compositions 
80-2-18 and 80-6-14 compared to composition 80-10-10 (p < 0.0001 and p < 0.0001, 
respectively). For compositions with 70% pFG, the calcium De is not significantly 
different for compositions 70-10-20 and 70-2-28, though, for these compositions, the 
calcium De is significantly lower than in composition 70-6-24 (p < 0.0001 and 
p < 0.0001, respectively). At 60% pFG, there is no significant difference in the calcium 
De for composition 60-2-38 compared to composition 60-6-34. However, the calcium De 
for composition 60-10-30 is significantly lower compared to that of compositions 
60-6-34 and 60-2-38 (p < 0.0001 and p = 0.0005, respectively). 
Considering PC content (i.e., 2%, 6%, or 10%) as constant, the calcium De is 
significantly lower at each PC content for both 70% and 60% pFG compared with either  
90% and 80% pFG. This indicates compositions for brackish water applications should 
contain less than 80% pFG. The calcium De is significantly lower for composition 
70-2-28 compared to 60-2-38 (p = 0.0012). However, the calcium De is significantly 
lower for composition 60-6-34 compared to 70-6-24 (p = 0.0453). The increase in FA 
content from 24% to 28% significantly decreases the calcium De at 70% pFG. 
As the calcium De for composition 70-2-28 is not significantly different than the 
calcium De for compositions 70-10-20 and 60-10-30, composition 70-2-28 should be 
preferred in brackish water due to the decrease in PC content and therefore decrease in 
materials’ cost (Chapter 3). 
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4.3.3. Effect of Exposure to Freshwater 
Rupture development was detected for compositions 80-10-10, 70-10-20, and 
60-10-30 exposed to freshwater for 77 days (Table 4.1). All compositions exposed to 
freshwater have negative values for K3 indicating long-term precipitation of calcium 
(Table 4.2). Therefore, it can be assumed that the effects of freshwater exposure do not 
inhibit a specimen of sFG from achieving equilibrium between dissolution and 
precipitation of calcium. 
The calcium De for compositions exposed to freshwater range from 
0.509 to 3.41×10-13m2s-1 with tc ranging from 70 to 824 days (Table 4.3). Compositions 
with 10% PC have significantly lower De compared to the De of compositions containing 
6% and 2% PC, excluding compositions with 60% pFG. In addition, there are no 
significant differences in calcium De between compositions with 6% and 2% PC, 
excluding compositions with 60% pFG. At 60% pFG, the calcium De for composition 60-
10-30 is significantly lower than the De for composition 60-2-38 (p < 0.0001). However, 
there are no significant differences in the De for composition 60-10-30 compared to 
composition 60-6-34 and composition 60-6-34 compared to composition 60-2-38. For 
these compositions, the high content (40%) of cementitious material may mitigate small 
variations (4%) of PC or FA leading to no significant differences in the calcium De. 
For constant PC content of 10%, the calcium De is lowest for composition 
70-10-20 compared to the 60%, 80%, and 90% pFG. There is no significant difference in 
the De between compositions 80-10-10 and 60-10-30 which are both significantly lower 
than composition 90-10-0. The calcium De at 6% PC for compositions 80-6-14 and 
70-6-24 is not significantly different, but the De for composition 60-6-34 is significantly 
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lower than the De for composition 70-6-24 (p < 0.0001). In this case, a FA content of 
greater than 30% is needed to increase the stability of the specimen leading to a lower 
calcium De. For compositions with 2% PC, there is no significant difference in the De for 
compositions 70-2-28 and 60-2-38. In addition, composition 70-2-28 is significantly 
lower than composition 80-2-18 (p < 0.0293). However, there is no significant difference 
in the De of compositions 80-2-18 and 60-2-18. 
Based on the calcium De and observations of rupture development, a range of 
compositions is recommended for freshwater application. Compositions with ≤80% pFG 
and ≤6% PC have low calcium De (≤2.44×10-13m2s-1) which indicate a low dissolution 
potential in freshwater. However, since freshwater is generally less detrimental to sFG, 
the impacts of minimal rupture development may not increase the dissolution potential 
compared to exposure in saltwater or brackish water. To examine this hypothesis, 
compositions 80-10-10 and 60-10-30 are recommended to be tested for exposure to 
freshwater in the field. Additional parameters such as surface hardness and compressive 
strength are needed to make a recommendation for a specific freshwater application (e.g., 
breakwater, shoreline stabilization) of sFG. 
4.3.4. Comparison of Different Salinities 
The general trend of calcium De as a function of salinity follows as: 1) the 
calcium De in freshwater is significantly lower compared to saltwater or brackish water, 
2) the calcium De in saltwater is significantly lower than in brackish water for higher 
percentages of pFG (i.e., 80%) and PC (i.e., 10%), and 3) the calcium De is significantly 
lower in brackish water compared to saltwater for lower percentages of pFG (i.e., 60%). 
As mentioned previously, exposure to sulfate in saltwater and brackish water increase the 
51 
 
dissolution of sFG compared to freshwater where sulfate concentration is low. Several 
exceptions to this generalized trend are identified.  
First, there is no significant difference in the calcium De between saltwater and 
brackish water for compositions with 90% pFG. Next, compositions with 70% pFG have 
a transition in the order of decreasing calcium De based on salinity. For example, there is 
no significant difference in the calcium De between saltwater and brackish water for 
composition 70-10-20. The calcium De in freshwater is significantly lower compared to 
saltwater and brackish water (p < 0.0001 and p < 0.0001, respectively) for this 
composition. For composition 70-6-24, the calcium De in freshwater is significantly 
lower than the calcium De in brackish water which is significantly lower than the calcium 
De is saltwater. There is no significant difference in calcium De in freshwater and 
brackish water for composition 70-2-28. However, the calcium De in saltwater is 
significantly higher (p < 0.0001) for this composition compared to freshwater or brackish 
water. Finally, compositions with 60% pFG follow the trend of decreasing calcium De 
similarly to composition 70-6-24 with the exception of composition 60-6-34 where there 
is no significant difference for brackish water and saltwater.   
4.4. Conclusions 
The effects composition consisting of 60% to 90% pH-adjusted fluorogypsum 
(pFG), 2% to 10% type I/II Portland cement (PC), and 0% to 38% class C fly ash (FA) 
and the salinity with concentrations of 30 g L-1, 15 g L-1, and 0.5 g L-1, measured as total 
dissolved solids, (representative of a saltwater, brackish water, and freshwater 
environment, respectively) on rupture development and calcium effective diffusion 
coefficients were determined. Rupture development was observed for compositions 
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containing 10% PC due to exposure in all considered salinities. A composition of 70% 
pFG, 2% PC, and 28% FA is recommended for saltwater and brackish water 
environments. Compositions with ≤80% pFG and ≤6% PC are recommended for 
freshwater environments. Additional information such as surface hardness and 







Chapter 5. Modeling and Application of the Estimated Mass Retention 
of Stabilized Fluorogypsum for Aquatic Applications 
5.1. Introduction 
Industrially produced gypsums have received substantial consideration for 
beneficial usage (Sumner 2000). These materials have found usage in agricultural 
(Shainberg et al. 1989) and construction (Raut et al. 2011) applications. Industrially 
produced by-product gypsums require solidification/stabilization (s/s) before application 
in aquatic environments (Guo et al. 2001). Fluorogypsum (FG), an industrially produced 
gypsum, is a by-product of the hydrofluoric acid production process mostly produced in 
the United States typically along coastal regions (i.e., Texas, Louisiana, Delaware, and 
New Jersey) (FHA 2016). FG is often treated with lime or circulating fluidized bed ash to 
adjust the pH for storage or alternative usage (Garg and Pundir 2014). The usage of 
pH-adjusted fluorogypsum (pFG), also known as blended calcium sulfate, for road bed 
applications has been recognized to be limited by moisture resistance (Wu et al. 2010). 
The s/s process has been widely studied for containment of waste materials 
(Malviya and Chaudhary 2006). Cementitious binders are commonly utilized to 
solidify/stabilize the material (Wiles 1987). Several studies have examined the stability of 
s/s wastes to reduce heavy metal leaching (Brown et al. 1986; Rha et al. 2000). For 
aquatic applications, pFG must undergo a s/s process due to a high solubility in water. 
Type I/II Portland cement (PC) and class C fly ash (FA) have been identified as 
cementitious materials which decrease the dissolution potential of pFG in saltwater, 
brackish water, and freshwater environments when cured for 28 days (Chapter 3 and 
Chapter 4).  
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The sulfate and calcium release of several compositions of 60% to 90% pFG, 2% 
to 10% PC, and 0% to 38% FA, known as stabilized fluorogypsum (sFG), were measured 
to determine the effective diffusion coefficients (De) for assessing their dissolution 
potential and long-term stability (Chapter 3 and Chapter 4). In the previous Chapters, no 
composition was identified as optimal for use in a saltwater, brackish water or freshwater 
environment. A composition of sFG, identified in the form of %pFG-%PC-%FA such as 
70-2-28, was recognized to have low De in saltwater and brackish water environments 
without rupture development. However, the relationship between materials’ cost and 
dissolution behavior is needed for selecting a composition with the lowest materials’ cost 
while also considering a high retained mass. Consideration of the retained mass should be 
preferred to De due to the experimental difficulty of obtaining De for specific ions in field 
applications. In addition, retained mass provides a ratio (expressed in this study as 
percentage of unit mass retained per unit mass initial) to assess stability (i.e., dissolution 
resistance) of a material. 
The objectives of the current study are to: (1) develop a model to predict the 
retained mass of a substance based on its composition and time of exposure to saltwater, 
brackish water, and freshwater solutions; (2) validate the model for composition 
considering exposure to each salinity; and (3) optimize a composition of sFG, based on 
the model, to minimize the materials’ cost per retained mass with a compressive strength 
constraint. 
5.2. Retained Mass Model Development 
This section describes the development of a model to predict the retained mass of 
any material based on the composition, time of exposure to an eluent (i.e., solution in 
contact with solid material), and mass release (i.e., mass loss per unit surface area) due to 
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exposure. The retained mass of a specimen with a q component composition, f, where fj 
represents the mass ratio of each j component in the specimen such that 
f = f1+f2+fj+…+fq= 1 may be expressed as a function of the composition and time as: 
 R f,t 	=	1- Aρd·V · Fi f,t
z
i=1  (5.1) 
where R f,t 	is the ratio of retained mass of a composition at any time of exposure, t, 
based on the mass release, Fi, of each ion, i, for z ions in the specimen, A is the surface 
area of the specimen, ρd is the dry density of the specimen, and V is the volume of the 
specimen. The retained mass may also be determined by measuring the mass of the 
specimen at t and t=0 as: 
 Rt	=	 mtm0 (5.2) 
where Rt is the retained mass at time, t, mt is the mass of the specimen at t, and m0 is the 
mass of the specimen at t = 0. 
To model the mass release for estimation of effective diffusion coefficients and 
critical times, Guo et al. (2004) developed a statistical model with a non-zero surface 
concentration to determine three coefficients i.e., K1, K2, and K3, each associated with the 
leaching processes of surface wash-off, diffusion, and dissolution, respectively. This 
developed model is specific to a single composition (Guo et al. 2004). The mass release 
for a specific ion, i, of any composition composed of f at any time may be expressed as:  
 Fi f,t  = [ρd·( fj·fj
i)qj=1 -C0
i ]· K1i f +K2i f · t+K3i f ·t  (5.3) 
where Fi f,t  is the mass release for a specific ion, i, C0i  is the surface concentration of a 
i, fj is the mass ratio of the j
th component in the specimen, and fj
i is the mass ratio of i in 
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each j component. Due to the pre-rinsing of specimens before immersion (Chapter 3 and 
Chapter 4), the K1i  parameter may be assumed to equal zero. 
Specific to this study, sFG is a 3 component composition with a truncation of i to 
two ions (i.e., sulfate and calcium). Use of the truncated retained mass is considered as 
sulfate and calcium account for a majority of the mass in compositions of sFG where the 
pFG ratio is between 0.60 and 0.90 of the dry weight and the PC ratio is between 0.02 
and 0.10 of the dry weight. The predicted (indicated by the accent, ^) sulfate and calcium 
release of any composition of sFG within the defined limits of pFG and PC content may 
be estimated at any time of exposure, t, by performing a quadratic regression on Equation 
5.3 with K2i f  and K3i f  as: 
 
K2

















where K2i f1,f2  and K3
i f1,f2  represent values fitted to the cumulative 77 day sulfate and 
calcium release results in Chapter 3 and in Chapter 4, respectively, f1 is the ratio of pFG 
content, f2 is the ratio of PC content. The ratio of FA, i.e., f3, is not included in the 
regression because its value is intrinsically determined given f1 and f2 since the sum of 
the ratio of the components must equal 1. The pFG content is generally one order of 
magnitude greater than the PC content. Mass ratios, f1 and f2, were normalized by 
dividing by the average of the range of the terms, i.e., 0.75 and 0.06, respectively, to 




5.2.1. Definition of Error Measures for Validation of the Retained Mass Model 
The normalized root mean squared error (Ey) of retained mass and mass release 
was determined for compositions of sFG that were not included in the calibration set of 
the model i.e., validation set (Figure 5.1), for validation of the model in Equation 5.1 and 
5.3. A Ey greater than 30% is commonly interpreted as a poor model fit (Asgarian et al. 
2015; Kadiyala et al. 2015). The Ey is determined as 





where ( is either the retained mass, Rt, or mass release, Fi f1,f2,t , for the sth specimen of 
n replicates as a function of the composition at a specific cumulative time interval; ( is 
the predicted retained mass truncated to the ions, sulfate and calcium, R f1,f2,t , or the 
predicted mass release, Fi f1,f2,t ; y is the average retained mass, Rt, or the average mass 
release, Fi f1,f2,t . 
5.2.2. Application of the Retained Mass Model 
Utilizing the predicted mass release for compositions of sFG at any time of 
exposure in Equation 5.3, the predicted retained mass is calculated from Equation 5.1. 
The optimal composition based on the predicted retained mass may then be determined 
for a given set of conditions. For example, a composition of sFG at 365 days of exposure 
to a saltwater, brackish water, or freshwater environment may be optimized to identify 





where CostR is the materials’ cost per predicted retained mass, Cost1 is the material cost 
of component 1, Cost2 is the material cost of component 2, and Cost3 is the material cost 
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of component 3. Constraints on the results of Equation 5.6 may be added during the 
optimization process. The FMINCON function in MATLAB was used to perform the 
optimization (i.e., minimization of the cost per retained mass). For example, a pre-
exposure predicted compressive strength (Bigdeli et al. in review) of 4.136 MPa (600 psi) 
for sFG compositions was selected for underwater applications. This compressive 
strength was selected for non-structural applications, e.g., artificial oyster reef and fill 
material for breakwaters (Franco et al. 2000). 
 
Figure 5.1. Experimental design indicating the compositions from Chapter 3 and Chapter 
4 for calibrating the mass release model. Compositions of pFG, PC, and FA (not shown) 
for validation of the model and as a result of the optimization for materials’ cost per 
retained mass are also identified. 
5.3. Materials and Methods 
Compositions (Figure 5.1) in the validation set were fabricated and tested under 
similar conditions and procedures as the calibration set compositions in Chapter 3 and 
Chapter 4. Each component (i.e., pFG, PC, and FA) was oven dried at 45°C for 14 hours 
to remove free water. The components were then sieved to less than 1 mm (US Standard 
Sieve #18) to achieve homogenization within a small sample size by volume. The 
identified compositions were then fabricated by combining each component according to 
the defined ratio on a dry weight basis and adding deionized (DI) water in proportion of 
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20% to 25% of the total dry weight for workability of the mixture. The mixtures were set 
for 24 hours, demolded, and then cured for 28 days in 100% humidity.  
The mass releases were obtained by following the modified EPA Method 1315 
described in Chapter 3. The mass, volume, pH, oxidation reduction potential, and 
temperature were checked at each time interval when each specimen was exchanged into 
a fresh solution. The solutions were prepared by mixing DI water and Instant Ocean® to 
achieve 30 g L-1 for saltwater (SW), 15 g L-1 for brackish water (BW), 0.5 g L-1 for 
freshwater (FW) and as total dissolved solids confirmed with a HACH sensION5 
conductivity meter. Specimens were fabricated in triplicate for each composition and 
each solution. The sulfate release obtained at each interval was measured by 
spectrophotometry (USEPA 1986) using a Unity Scientific SmartChem® 175 as 
described in Chapter 3. The calcium release was measured by ethylene-diamine-tetra-
acetic acid (EDTA) titration according to Standard Methods 3500C with modifications as 
described in Chapter 4. 
5.4. Results and Discussion  
5.4.1. Regression of the Sulfate and Calcium Release 
The predicted retained mass (Equation 5.1) of sFG due to exposure to SW, BW, 
and FW solutions was determined from the estimated mass release based on the 
composition and time of exposure (Equation 5.3). The results of the regression of 
Equation 5.3 incorporating Equation 5.4 with the sulfate and calcium release 
experimental results of the sFG compositions (calibration set, Figure 5.1) for SW, BW, 





Table 5.1. Coefficients for predicting sulfate release due to exposure to brackish water (BW), freshwater (FW), and saltwater (SW) 
solutions. 
 Salinity β00 β10 β01 β20 β02 β11 β21 β12 β22 
K2 
SW -0.07143 0.1662 -0.0146 -0.07665 0.0150 0.0513 -0.0327 -0.0367 0.0192 
BW -0.02193 0.1201 0.1104 -0.07606 -0.0439 -0.3173 0.2123 0.1365 -0.0964 
FW 0.06251 -0.1459 -0.2409 0.09690 0.1758 0.6132 -0.3561 -0.4182 0.2319 
 Salinity γ00 γ10 γ01 γ20 γ02 γ11 γ21 γ12 γ22 
K3 
SW 0.00594 -0.01489 -0.01154 0.00855 0.007349 0.03113 -0.01904 -0.01939 0.01166 
BW -0.00829 0.01167 0.01087 -0.00397 -0.004939 -0.01090 0.00032 0.00430 0.00049 
FW -0.01017 0.02050 0.01543 -0.01064 -0.008185 -0.03262 0.01772 0.01715 -0.00941 
 
Table 5.2. Coefficients for predicting calcium release due to exposure to brackish water (BW), freshwater (FW), and saltwater (SW) 
solutions. 
 Salinity β00 β10 β01 β20 β02 β11 β21 β12 β22 
K2 
SW 0.4473 -0.9162 -1.597 0.4894 0.8578 3.457 -1.840 -1.855 0.9834 
BW -0.2230 0.5091 0.645 -0.2687 -0.3014 -1.426 0.807 0.668 -0.3823 
FW 0.1687 -0.3225 -0.445 0.1668 0.2406 0.921 -0.465 -0.501 0.2528 
 Salinity γ00 γ10 γ01 γ20 γ02 γ11 γ21 γ12 γ22 
K3 
SW -0.03647 0.07626 0.1431 -0.04025 -0.07876 -0.3098 0.1654 0.1707 -0.09094 
BW 0.01999 -0.04173 -0.0514 0.02157 0.02116 0.1121 -0.0621 -0.0474 0.02707 






The results of the regression of the model indicated significant lack of fit for all 
solutions and ions with the exception of calcium in saltwater. The significant lack of fit 
may be explained by the wide range of compositions used for regression the model, 
multiple time intervals, and a generally small variability of mass release for each 
composition at each time interval. Smith and Rose (1995) point out that large samples 
sizes and deviations from the standard assumptions of a regression may limit the 
interpretability of goodness-of-fit tests. To address the issue of significant lack of fit, a 
higher order polynomial should be utilized. A second order polynomial (9 parameters) 
was chosen for the regression due to the number of compositions (11 design points) 
available for calibrating the model so that the number of parameters would be less than 
the number of design points. 
Several additional limitations of the regression on the K values with a quadratic 
polynomial are identified. The analysis of the residuals of the regression indicated that 
the residuals do not follow a normal distribution with homogenous variance for both ions 
and all solutions, except calcium in freshwater with normally distributed residuals but 
heterogeneous distribution of residuals. The assumption of normally distributed residuals 
needed for a regression analysis may be generally disregarded as the number of 
observations used for regression the model for each solution is large (n=561). The 
violation of the assumption of heteroscedasticity presents another challenge. With this 
violation, the interpretation of the confidence intervals on the output may be 
misconstrued. However, the goal of the model is for prediction of the mass release 
leading to prediction of the retained mass. Thus, consideration of the confidence intervals 




each solution and ion tested, indicated the residuals follow a normal distribution at each 
time interval, solution, and for both sulfate and calcium. Homoscedasticity was violated 
for only three and seven of fifty-one time intervals for sulfate and calcium, respectively. 
5.4.2. Validation of the Model for Predicted Mass Release and Mass Retention 
For validation of the model for predicted mass release and mass retention, six 
compositions tested in a preliminary study to Chapter 3 and Chapter 4 were utilized as 
the validation set. The predicted sulfate release is compared to the observed sulfate 
release for three replicates of each composition for each solution. The results of calcium 
release were not available from this preliminary study and thus will not be validated. The 
EF was determined for each time interval with the results for the cumulative time 
intervals, 0.08, 14, 28, 42, and 77 days presented in Figures 5-2, 5-3, and 5-4 for brackish 
water, freshwater, and saltwater solutions, respectively.  
 
Figure 5.2. Normalized root mean squared error (EF) comparing the observed sulfate 
release and predicted sulfate release (calcium release indicated with *) for compositions 
identified as pFG%-PC%-FA% exposed to brackish water for 0.08, 14, 28, 42, and 77 





Figure 5.3. Normalized root mean squared error (EF) comparing the observed sulfate 
release and predicted sulfate release (calcium release indicated with *) for compositions 
identified as pFG%-PC%-FA% exposed to freshwater for 0.08, 14, 28, 42, and 77 days. 
The %pFG and %FA are rounded to the nearest 1% in composition 85.23-10-4.77. 
 
Figure 5.4. Normalized root mean squared error (EF) comparing the observed sulfate 
release and predicted sulfate release (calcium release indicated with *) for compositions 
identified as pFG%-PC%-FA% exposed to saltwater for 0.08, 14, 28, 42, and 77 days. 
The %pFG and %FA are rounded to the nearest 1% in composition 75.04-2-22.96. 
Generally, the largest EF occur for the 0.08 day (Figure 5.2) and 0.29 day (not 
shown) cumulative intervals time intervals. With EF much greater than 30%, the 




values of sulfate release at these time intervals are much smaller compared to the values 
at longer cumulative time intervals. Therefore, variability due to measurement errors and 
the natural variation among samples have an increased effect on the EF at lower 
cumulative time intervals but not at longer cumulative time intervals. 
The emphasis on prediction of mass release is placed on the larger cumulative 
time intervals as these intervals have a higher leverage, i.e., higher values of x which 
control the function. The EF exceeds 30% for at least one composition in the validation 
set up to 7 days in brackish water (Figure 5.2), 0.29 days in freshwater (Figure 5.3), and 2 
days in saltwater (Figure 5.4). Thus, by 77 days of exposure to each salinity, all 
compositions tested for validation have less that a 30% EF. Therefore, the quadratic 
regression (Equation 5.4) can be used to predict the sulfate release in brackish water, 
freshwater, and saltwater for periods of exposure ≥77 days. 
Before validating the model for prediction of retained mass specific to sFG at 77 
days of exposure, the comparison of Rt (i.e., retained mass determined from mass at t and 
mass at t=0) and R f1,f2,t  (i.e., truncated retained mass based on selected ions), at 77 
days of exposure should be assessed. This comparison (Figure 5.5) indicates that the 
retained mass considering only sulfate and calcium to predict the retained mass at 77 days 
of exposure is generally appropriate for sFG. However, most noticeably in the 
compositions 80-10-10 and 70-10-20, the R f1,f2,t  is significantly less than the Rt at 77 
days of exposure to brackish water (p-value=0.0003 and p=0.0063, respectively), 
freshwater (p=0.0010 and p<0.0001, respectively), and saltwater (p=0.0010 and 
p=0.0003, respectively). This indicates the mass releases of sulfate and calcium are 





Figure 5.5. Comparison of the bulk retained mass, Rt, (full symbol) and truncated (i.e., 
considering only sulfate and calcium release) retained mass, R f1,f2,t , (hollow symbol) 
of sFG at 77 days of exposure to brackish water (triangle), freshwater (square), and 
saltwater (circle) solutions. The %pFG and %FA are rounded to the nearest 1% in 
compositions 75.04-2-22.96 and 85.23-10-4.77. 
For this to occur, the specimens of compositions 80-10-10 and 70-10-20 must 




mass as visible cracking due to volumetric expansion was observed for specimens of 
these compositions. The R f1,f2,t  is significantly greater than the Rt for one composition, 
i.e., 90-2-8, in all three solutions tested, i.e., brackish water (p=0.0102), freshwater 
(p=0.0005), and saltwater (p=0.0395). For this composition, the discrepancy between 
R f1,f2,t  and Rt may be explained by mass loss during transfer of specimens to fresh 
solutions. In these instances, the increased mass loss during transfer is most likely due to 
a lower content of stabilizing components, i.e., PC and FA. Thus, the prediction of the 
retained mass is limited by formation of products from solution and increased mass loss 
due to a low content of stabilizing components. 
Utilizing the validated predicted sulfate release and the predicted calcium release, 
the predicted retained mass was calculated. The results of the R f1,f2,t  at 77 days are 
shown in Table 5.3 for comparison with the Rt at 77 days of exposure to brackish water, 
freshwater, and saltwater for each of the six compositions used for validation. The 
provided ER indicates the predicted retained mass has less than 6% error when compared 
to the observed retained mass for compositions of the validation set. This indicates the 
consideration of only calcium and sulfate release is appropriate for prediction of the 
retained mass of sFG at 77 days of exposure to the tested solutions. 
5.4.3. Optimizing sFG Compositions for Materials’ Cost per Predicted Mass 
Retention 
Utilizing the model for predicting the retained mass (Equation 5.1) of sFG 
compositions at any time of exposure to brackish water, freshwater, and saltwater 
solutions, the sFG composition was optimized to minimize the materials’ cost per 
retained mass (Equation 5.6). The use of this model is an example application for 




artificial oyster reef material or as a breakwater fill material. A pre-exposure predicted 
compressive strength constraint of 4.136 MPa (600 psi) was selected as constraint for 
these applications. Composition 75.04-2-22.96 was estimated to have the lowest 
materials’ cost per retained mass at US$22.12 ton-1 (Figure 5.6) and $21.68 ton-1 (Figure 
5.7) at 365 days of exposure to brackish water and saltwater, respectively.  
Table 5.3. Validation of the retained mass model with the normalized root mean squared 
error (ER) utilizing the average observed retained mass (Rt) and the predicted retained 
mass [R f1,f2,t ] from the predicted sulfate and calcium release after 77 days of exposure 
to brackish water, freshwater, and saltwater solutions. 
 Brackish water Freshwater Saltwater 

















77-4-19 82.0 81.1 1.18 83.5 83.8 0.61 84.0 83.0 1.25 
77-3-20 82.0 81.6 0.86 83.0 84.2 1.47 83.7 83.3 1.14 
77-2-21 81.8 82.4 1.02 82.4 85.2 3.42 84.0 83.7 0.32 
75-3-22 84.9 82.1 3.30 86.6 84.7 2.12 86.2 83.6 2.98 
73-2-23 84.8 83.3 2.15 87.0 86.6 0.59 86.7 84.9 2.23 
62-3-35 90.9 85.8 5.69 91.9 89.9 2.15 92.3 87.5 5.23 
75.04-2-22.96 85.6 82.8 3.94 - - - 85.2 84.3 1.19 
85.23-10-4.77 - - - 87.3 93.0 6.25 - - - 
a(%pFG-%PC-%FA) 
 
The composition 85.23-10-4.77 was estimated to have the lowest cost per retained 
mass at $17.06 ton-1 (Figure 5.8) at 365 days of exposure to freshwater. These two 
optimized compositions were identified by using the FMINCON function in MATLAB. 
The results as shown in Figures 5-6, 5-7, and 5-8 were obtained by varying the pFG and 





Figure 5.6. Materials’ cost per retained mass ($ ton-1) (solid lines) at 365 days of 
exposure to brackish water for variable amounts of pFG and PC with the predicted pre-
exposure compressive strength (MPa) (dotted lines). 
 
Figure 5.7. Materials’ cost per retained mass ($ ton-1) (solid lines) at 365 days of 
exposure to saltwater for variable amounts of pFG and PC with the predicted pre-





Figure 5.8. Materials’ cost per retained mass ($ ton-1) (solid lines) at 365 days of 
exposure to freshwater for variable amounts of pFG and PC with the predicted pre-
exposure compressive strength (MPa) (dotted lines). 
Based on the pre-exposure predicted compressive strength, Figures 5-5 and 5-7 
show that the minimum cost per retained mass at 365 days of exposure brackish water 
and saltwater, respectively, must have approximately a 2% PC content when the desired 
compressive strength is less 11 MPa (~1600 psi). Lower materials’ cost per retained mass 
are generally observed for compositions of sFG exposed to freshwater (Figure 5.6) for 
365 days when compared to brackish water and saltwater. As the materials’ cost for each 
composition are consistent among exposure to these three solutions, the retained mass of 
sFG is typically higher in freshwater. 
Dynamic leaching tests were performed for the two compositions: 75.04-2-22.96 
exposed to brackish water and saltwater, and 85.23-10-4.77 exposed to freshwater. The 
sulfate and calcium releases were determined in accordance with the procedures 
described in Chapter 3 and Chapter 4 respectively. The model generally overestimates the 




exposure and underestimates the sulfate release at longer cumulative time intervals (e.g., 
63 and 77 days) of exposure to each of the three salinities for these optimized 
compositions. The model generally overestimates the calcium release for all intervals in 
saltwater and brackish water while underestimating the calcium release in freshwater for 
cumulative time intervals greater than 1 day of exposure. 
For sulfate release at 77 days in brackish water and saltwater, the predicted sulfate 
release have a EF of 10.4% (Figure 5.2) and 12.9% (Figure 5.4), respectively indicating 
an acceptable error. For freshwater, the EF for predicted sulfate release at 77 days of 
exposure is 37.6% (Figure 5.3). Between the cumulative time intervals of 2 and 49 days 
of exposure to freshwater, the EF of the predicted sulfate release is within the selected 
criteria of 30%. After 49 days of exposure, the EF increases from 32.7% at 63 days of 
exposure to 37.6% at 77 days of exposure. For this composition, the model does not 
accurately reflect the increase of sulfate release after 49 days of exposure to freshwater 
for composition 85.23-10-4.77. Validation of the model for calcium release indicates the 
prediction is not satisfactory for the three solutions with an approximate EF of 22% 
(Figure 5.2), 39% (Figure 5.3), and 58% (Figure 5.4) at 77 days of exposure to brackish 
water, freshwater, and saltwater, respectively. 
The ER for composition 75.04-2-22.96 at 77 days of exposure to brackish water 
and saltwater is comparable to the ER of compositions in the validation set. A balance of 
error may have occurred due to the underestimation of sulfate release and overestimation 
of calcium release. The optimized composition for freshwater application, 85.23-10-4.77, 
has the highest ER observed in this study at 6.25% (Table 5.3). This error is due to the 




39%, respectively. The error is confirmed to be due to the prediction of sulfate and 
calcium release since Rt is not significantly different (p=0.7693) than R f1,f2,t  for 
composition 85.23-10-4.77 at 77 days of exposure to freshwater (Figure 5.5). 
Deficiencies in the model, specifically the absence of composition 90-6-4 for calibrating 
the model, most likely cause a high error for compositions with pFG≥80%. Additional 
compositions for calibrating the model are recommended for the range of 
90%≥pFG≥80% and 10%≥PC≥6%. 
Considering the high EF (>30%) associated with the prediction of sulfate and 
calcium release, the ER for composition 85.23-10-4.77 is <7%. This discrepancy in errors 
of the sulfate and calcium release and retained mass is attributed to the precision of each 
measurement. Sulfate and calcium release were measured in mg cm-2 while Rt was 
measured in g of final mass per g of initial mass. Thus, the high errors in the predictions 
of sulfate and calcium release have a relatively low impact on the predicted retained 
mass. Prediction of the retained mass should require high accuracy for optimizing the 
composition for materials’ cost per retained mass. For instance, the overestimation of the 
predicted retained mass for composition 85.23-10-4.77 in freshwater by 5.7% (Table 5.3) 
results in an underestimation of the material’s cost per retained mass by $1.19 ton-1. This 
may lead to an incorrect assumption of the optimized composition with the minimum cost 
per retained mass. 
Finally, the focus of this study was to determine the stability of sFG based on the 
composition and time of exposure. However, it is recognized that the cost per retained 
mass should not be compared with the cost of limestone or other materials for aquatic 




exposed to water. Thus, this parameter does not describe changes in bulk volume of a 
material needed for cost comparisons to limestone. Specifically, sFG has a lower density 
(1.6 g cm-3) compared to limestone (2.3 g cm-3). Therefore, specimens of sFG would have 
a greater volume with a similar mass compared to limestone, providing an increased area 
of coverage.  
5.5. Conclusions 
A model to predict the retained mass of a substance based on its composition and 
time of exposure to a solution was developed. The sulfate and calcium release of eleven 
compositions of stabilized fluorogypsum (sFG) consisting of 60% to 90% pH-adjusted 
fluorogypsum (pFG), 2% to 10% type I/II Portland cement (PC), 0% to 38% and class C 
fly ash (FA) exposed to three salinities (i.e., brackish water, freshwater, and saltwater) 
were utilized for calibration of the model. 
The normalized root mean squared error, comparing the predicted retained mass 
and the observed retained mass, of six compositions measured in a preliminary study 
provided a parameter for validation of the model. The model error at 77 days of exposure 
to each salinity was less than 6%.  
The optimization of the composition of stabilized fluorogypsum for materials’ 
cost per retained mass due to exposure to brackish water, freshwater, and saltwater 
solutions was provided as an example application of the model. This optimization 
identified two compositions (i.e., 75.04% pFG-2% PC-22.96 FA for brackish water and 
saltwater and 85.23% pFG-10% PC-4.77% FA for freshwater) with minimized materials’ 
cost per predicted retained mass at 365 days of exposure with a compressive strength 
constraint of 4.136 MPa (600 psi). Additional refinement of the regression is 




composition 85.23% pFG-10% PC-4.77% FA exceeded 6% indicating deficiencies in the 
model for compositions with greater than 80% pFG. A further detailed economic analysis 
of the application of sFG incorporating the predicted retained mass and consideration of 
bulk volume changes is needed before the suggested compositions can be recommended 




Chapter 6. Assessing the Effect of Field Conditions on Dissolution of 
Stabilized Fluorogypsum 
6.1. Introduction 
The utilization of industrial by-products such as fly ash and gypsum as 
components in construction material has received substantial consideration due to the 
many beneficial outcomes associated with these applications (Bilodeau and Malhotra 
2000; Ferreira et al. 2003; Hardjito et al. 2004; Raut et al. 2011). The beneficial use of fly 
ash for improving the properties of concrete is widely recognized in the literature 
(Ahmaruzzaman 2010). Utilization of industrially produced gypsum as a construction 
material typically involves the addition of gypsum in a low content for set retarding of 
concrete (Arikan and Sobolev 2002).  
One of the most common concerns with the utilization of these by-products is the 
behavior of the material when exposed to water. Concerns with fly ash typically involve 
the leaching of heavy metals (Shi and Kan 2009). Garrabrants et al. (2014) found that 
20% and 45% fly ash replacement of cement had comparable leaching of heavy metals 
compared to a cement control. For applications of gypsum as a construction material, 
concerns regarding the solubility of gypsum have limited this material to dry applications 
(Taha et al. 1995). In addition, high contents of gypsum in combination with cement lead 
to volumetric expansion due to the formation of ettringite (Collepardi 2003). This process 
is commonly referred to as internal sulfate attack (Marchand et al. 2003; Ouyang et al. 
1988). 
Despite these limitations, several studies have examined the effect of exposure to 
water on industrially produced gypsum, such as phosphogypsum and fluorogypsum, 




(2014) found that compositions of 50% to 75% fluorogypsum stabilized with 15% to 
48% granulated blast furnace slag and 2% or 10% ordinary Portland cement have 
increased water resistance compared to gypsum plaster. Guo et al. (2001) determined that 
compositions of 55% to 62% phosphogypsum stabilized with 35% to 42% class C fly ash 
and 3% to 10% type II Portland cement showed no signs of physical degradation after 
exposure to field conditions in a saltwater environment for 1.5 years. The results of these 
two studies indicate the feasibility for stabilizing industrially produced gypsums for 
aquatic applications. However, the results of found by Garg and Pundir (2014) do not 
address the attachment of aquatic organisms, while the study by Guo et al. (2001) utilized 
a pressurized fabrication method for producing the specimens. The use of a non-
pressurized fabrication procedure would decrease the complexity of an industrial process 
for producing stabilized gypsum materials.  
The objective of this study is to assess the effect of approximately 1 year of 
exposure to field conditions (e.g., attachment of aquatic organisms, hydrodynamic forces, 
varying temperatures, fully dynamic system where saturation is not limiting) in a 
saltwater environment on stabilized fluorogypsum (sFG) (i.e., pH-adjusted fluorogypsum, 
type I/II Portland cement, and class C fly ash). Assessment of the dissolution of non-
pressurized sFG compared with pressurized sFG due to exposure will be determined by 
measuring the retained mass (Rt) at various time intervals of exposure. The predicted 
retained mass [R f1,f2,t ] from a model (Chapter 5) based on sulfate (Chapter 3) and 
calcium (Chapter 4) release will be compared with the Rt. However, validation of this 




organisms attached to the specimens of sFG are limited to generalized classifications 
(i.e., common groups names). 
6.2. Materials and Methods 
Preparation of non-pressurized sFG specimens from pH-adjusted fluorogypsum 
(pFG), type I/II Portland cement (PC), and class C fly ash (FA) follows the procedures as 
described in Chapter 3. Each of these components were obtained from Louisiana sources. 
Specific to this study, the composition 60-2-38 (denoted as pFG%-PC%-FA%, 
hereinafter) was selected for non-pressurized fabrication based on the sulfate release and 
calcium release as described in Chapter 3 and Chapter 4, respectively.   
The following sub-sections describe the fabrication of pressurized specimens of 
sFG, the conditions of field and laboratory exposure, and calculation of Rt based on 
exposure.  
6.2.1. Fabrication of Pressurized sFG Specimens 
Pressurized specimens of sFG were fabricated by using a Komarek B050A 
Laboratory Roller Press. A schematic of this briquetting machine is shown in Figure 6.1. 
Pressurized specimens, i.e., briquettes, were fabricated by feeding material into the 
conical hopper which is then forced between two rolls by a horizontal screw feeder. A 
hydraulic pump was utilized to increase the roll force, i.e., the force holding the rolls in 
place, to 48 kN. Based on a 13.8 cm2 surface area which was specific to the briquettes 
fabricated in this study, briquettes were formed with approximately 35000 MPa of 
pressure. The roll speed, horizontal screw speed, and agitator speed were adjusted to 




enabled briquettes to remain intact after falling several centimeters while preventing 
overloads caused by jamming. 
The composition 62-3-35 was selected for fabrication based on previous studies 
of the pressurization of stabilized phosphogypsum (Guo et al. 2001). Each of the 
components (i.e., pFG, PC, and FA) were oven dried at 45°C for 14 hours and sieved to 
less than 1 mm (US Standard Sieve #18). Freshwater totalling 4% of the dry content 
(assuming a 1:1 ratio of grams of dry material to milliliters of water) was evenly sprayed 
to a mixture of the weighted proportions of the dried and sieved components. Spraying of 
freshwater was necessary to reduce clumping of the material before feeding into the 
conical hopper. Briquettes collected after ejection from the rolls were cured for 28 days 
in 100% relative humidity and then air dried at 21±2°C for 7 days. 
 
Figure 6.1. Schematic of Komarek B050A Laboratory Roller Press. The identified 
components are: 1) Feed hopper, 2) Conical hopper, 3) Agitating wiper, 4) Vertical 
agitating screw, 5) Agitator drive, 6) Horizontal screw feeder, and 7) Rolls. 
6.2.2. Exposure to Marine Field and Laboratory Conditions 
Specimens of non-pressurized and pressurized sFG were placed on top of the 




135 cm mean lower-low water) artificial reef (height of 40 cm) near the Louisiana Sea 
Grant Oyster Hatchery in Grand Isle, LA. Seven groups of non-pressurized (in triplicate) 
and pressurized (in quintuplicate) specimens were scheduled initially for collection at 
approximately 1, 2, 4, 6, 9, and 12 months of exposure to field conditions beginning in 
August 2015. Due to the loss of two sets of non-pressurized and pressurized specimens, a 
group of non-pressurized specimens was collected at 38, 66, 121, 192, and 372 days of 
exposure. In addition to the loss of the two sets, a third group of pressurized specimens 
was lost resulting in the collection of each group at 38, 66, 121, and 372 days of 
exposure. The loss of specimens was attributed to the cutting of liner which contained the 
specimens. The conductivity, pH, oxidation reduction potential, and temperature of water 
sampled at the artificial reef location was measured at each time interval of exposure. The 
ranges of each parameter are: 26.86 – 45.98 mS, 7.44 – 8.48, 84 – 182 mV, and 17.4 – 
29.7 °C, respectively. 
After each collection, specimens were air dried in the laboratory for 10 days at 
21±2°C. The attachment of aquatic organisms was documented with photographs of the 
specimens for qualitative identification of the organisms for common group names. The 
organisms were then physically removed from the surface of the specimens in preparation 
for the measurement of additional leaching following the procedures of the modified EPA 
Method 1315 as described in Chapter 3. The additional 77-day of exposure was 
performed to measure the sulfate and calcium release under controlled laboratory 
conditions. After the 77-day exposure to laboratory conditions, specimens were air dried 




6.2.3. Calculation of Retained Mass and Statistical Analysis 
The Rt of non-pressurized and pressurized specimens of sFG was determined from 
the air dried mass as: 
 Rt	=	 mtm0 (6.1) 
where Rt is the of retained mass (expressed as a percentage in this study) of a specimen of 
composition at time of exposure, t, m0 is the mass of a specimen at t=0 (i.e., determined 
before exposure), and mt is the mass of a specimen of composition at t.  
The R f1,f2,t  for non-pressurized composition 60-2-38 was determined from the 
model (Equation 5.1) in Chapter 5. As the fitting of sulfate and calcium release of 
compositions of sFG formed with pressurization is not available, the predicted retained 
mass specific to the pressurized composition 62-3-35 was determined from the K2 and K3 
values for sulfate and calcium as described in Chapter 3 and 4, respectively. A 
preliminary analysis to determine the sulfate and calcium release, required for the 
calculation of the K values, was performed according to the procedures in Chapter 3 and 
Chapter 4, respectively. Once the K values for this pressurized composition were 
determined, the predicted retained mass for this specific composition is estimated as: 




SO · K2SO· t+K3SO·t + CbCa-C0Ca · K2Ca· t+K3Ca·t  (6.2) 
where R(t) is the predicted retained mass for the pressurized composition 62-3-35, A is 
the surface area of the pressurized specimen, ρd is the dry density of the specimen, V is 
the volume of the specimen, Cb is the bulk content of the sulfate (denoted as SO) and 




respectively, and t is time of exposure. 
The 95% confidence intervals of the mean were calculated from the standard error 
of the Rt at each interval of exposure. A t-test was performed to detect significant 
differences in the Rt between the fabrication methods (i.e., non-pressurized versus 
pressurized) at a specific interval time of exposure. A significance level α = 0.05 was 
utilized for this analysis. 
6.3. Results and Discussion 
The mean of Rt with a 95% confidence interval of two compositions of sFG, 60-2-
38 and 62-3-35 formed without pressurization and with pressurization, respectively, at 
38, 66, 121, 192, and 372 days of exposure is shown in Figure 6.2. The mean of Rt 
determined after the 77 day dynamic leaching test in saltwater (30 g L-1) at 21±2°C 
following removal from the field is also shown in Figure 6.2. The following sections 
describe the effect of a marine environment under field and laboratory conditions on two 
compositions of sFG. A comparison of the fabrication methods due to these effects is also 
provided. 
6.3.1. Effect of Marine Environment on Non-pressurized sFG 
As shown in Figure 6.2(a), the Rt of composition 60-2-28 formed without 
pressurization decreases from 85.2%±5.5% at 38 days of exposure to field conditions to 
77.6%±14.3% at 449 days of exposure (including 372 days of field exposure plus 77 days 
of exposure under laboratory conditions). The Rt of sFG at 100 days of exposure to 
saltwater field conditions is substantially lower compared to fly ash geopolymer concrete 
(i.e., fly ash alkaline solution plus aggregate) and concrete from ordinary Portland cement 




than 96% and 98% retained mass, respectively, after 100 days of wetting-drying cycles 
with exposure to a 3.5% NaCl solution (Olivia and Nikraz 2012). Between 66 days and 
121 days of field exposure, sFG has a Rt of 85.0%±8.4% and 80.2%±8.8%, respectively. 
The high content of sulfate from pFG most likely decreases the stability of sFG, 
compared to OPC concrete, which leads to the lower Rt. 
 
Figure 6.2. Average retained mass with 95% confidence intervals of the non-pressurized 
(a) and pressurized (b) compositions (60-2-38 and 62-3-35, respectively) of sFG exposed 
to field conditions for 38, 66, 121, 192, and 372 days. After each time interval of 
exposure in the field, specimens were then exposed to laboratory conditions for 77 days. 
Variability, as indicated by the 95% confidence intervals (Figure 6.2), increases 
with the time intervals of field exposure. This increase in variability may be explained by 
the subjecting of specimens to hydro-dynamic forces and varying surface coverage of 
aquatic organisms on the specimens placed in the field. The R f1,f2,t  (Chapter 5), 
obtained from sulfate and calcium release in Chapter 3 and Chapter 4, respectively, is 
within the 95% confidence interval of the mean Rt for all time intervals of exposure 
except the 38 day field exposure and resulting 115 day exposure (38 days of exposure in 




95% confidence interval) of these intervals of exposure are approximately half of the 
variability for longer intervals of exposure. As time of exposure in the field increases, the 
variability of the specimens should also be expected to increase due to the uncontrollable 
parameters (e.g., hydro-dynamic forces, influence of aquatic organisms, temperature) 
associated with field application. The R f1,f2,t  overestimates the Rt by approximately 6% 
consistently (i.e., standard deviation of 1%) considering all time intervals of exposure. 
Again, the uncontrollable parameters of field application most likely decrease the Rt 
determined from field exposure compared to Rt determined in the laboratory.  
Specimens of the non-pressurized composition 60-2-38 were photographed at 
each time interval of exposure to field conditions. Representative specimens at 38, 192, 
and 372 days of exposure are depicted in Figure 6.3. The photographs in Figure 6.3 
indicate that the non-pressurized composition 60-2-38 attracts aquatic organisms such as 
oysters, barnacles, worms, and bryozoans. The attraction and subsequent attachment of 
these organisms to the specimen may provide protective benefits to the specimen by 
reducing the surface area available for leaching. As mentioned previously, the average Rt 
of specimens exposed to field conditions is approximately 6% less than the R f1,f2,t  for 
all time intervals of exposure (Figure 6.2). Since the R f1,f2,t  was determined from 
results obtained through laboratory conditions, the beneficial effect of the attachment of 
aquatic organisms may offset the hydro-dynamic forces and infinite concentration 
gradient which decrease Rt. To test the hypothesis of a beneficial effect provided by the 
attachment of aquatic organisms in future work, the surface of a specimen should be 




compared to an un-sealed specimen by determining the mass release as described in EPA 
Method 1315. 
 
Figure 6.3. Non-pressurized sFG with 38, 192, and 372 (days) of exposure to field 
conditions. Oysters (a), barnacles (b), worms (c), and bryozoans (d) attached to the 
specimens are shown. 
6.3.2. Effect of Marine Environment on Pressurized sFG 
Specimens of the composition 62-3-35 formed under pressurization have a Rt of 
70.7%±2.9% at 38 days of exposure to field conditions. At 449 days of exposure 
including 372 days of field exposure and 77 days of exposure in the laboratory, the Rt 
decreases to 39.7%±8.7%. Similar to the non-pressurized compositions of sFG, the 
variability of Rt generally increases for pressurized sFG with an increase in time of 
exposure. The R(t) was determined from the sulfate and calcium release of specimens as 
exposed to laboratory conditions for 77 days specific to the pressurized composition 62-
3-35. This differs from the R f1,f2,t  for non-pressurized sFG as the fitting of pressurized 




The R(t) is within the 95% confidence interval for all time intervals of exposure 
except 38, 143, and 449 days. Once again the uncontrollable parameters of field exposure 
may explain the decreased Rt at 38 days of exposure (70.7%±2.9%) compared to the R(t) 
(75.7%). At 143 days, the R(t) is also outside of the 95% confidence interval. It is 
hypothesized that there is no significant difference in the Rt and R(t) as the lower limit of 
the 95% confidence interval (60.1%-3.0%) is 1.7% greater than the R(t) (55.4%). To 
confirm this hypothesis, validation of the model for extrapolating the R(t) beyond 77 days 
of exposure is needed but beyond the scope of this work. The trend of Rt at 372 days to 
449 days of exposure indicates no changes with an approximate Rt of 40%. However, the 
R(t) decreases from approximately 34% to 28% from 372 days to 449 days, respectively. 
The R(t) at 372 days of exposure is within the 95% confidence interval of the Rt. At 449 
days of exposure, the R(t) is outside of the 95% confidence interval. This indicates the 
R(t) underestimates the Rt when lower than 40% and at greater than 1 year of exposure. 
The model utilized for R(t) includes an assumption that the specimen behaves with a 
semi-infinite boundary condition. For low percentages of Rt (<40%), this assumption is 
most likely violated rendering R(t) below 40% inadequate. This hypothesis should be 
examined in future work regarding the validation of the model for time intervals of 
exposure greater than 77 days. 
Specimens of the pressurized compositions 62-3-35 were collected from the field 
at time intervals of exposure of 38, 66, 121, and 372 days. Examples of specimens from 
38, 121, and 372 days of exposure are shown in Figure 6.4. These examples provide 
evidence of the attachment of worms, barnacles, and bryozoans to the pressurized 




Figure 6.4. This level of degradation is consistent with the low Rt (i.e., 40%). In addition, 
evidence of a barnacle burrowed within a specimen at 372 days of exposure is provided 
in Figure 6.4. This indicates the surface hardness of the pressurized composition 62-3-35 
is insufficient for use as a construction material in aquatic applications. 
 
Figure 6.4. Pressurized sFG with 38, 121, and 372 (days) of exposure to field conditions. 
Barnacles (b), worms (c), and bryozoans (d) attached to the specimens are identified. The 
removal of a barnacle from inside a specimen (e) is also shown. 
6.3.3. Comparison of Retained Mass Between Fabrication Methods 
The Rt at 449 days of exposure of pressurized specimens of sFG is significantly 
lower (p-value=0.0002) than the Rt of non-pressurized specimens. This result is 
counterintuitive as pressurized specimens were expected to demonstrate increased 
dissolution resistance compared to non-pressurized specimens. The expectation regarding 
the performance of pressurized sFG is based on similarities to pressurized stabilized 
phosphogypsum which has been shown to maintain its physical integrity after exposure to 
field conditions for 1.5 years (Guo et al. 2001). At Rt of 39.7%, the physical integrity of 
pressurized sFG is severely compromised. 
Plausible explanations for the discrepancy between the Rt of pressurized and non-




specimens formed under pressure have the composition 62-3-35 while the non-
pressurized specimens are of the composition 60-2-38. The pressurized composition 
62-3-35 was selected based on the recommended pressurized composition of stabilized 
PG (Guo et al. 2004). The non-pressurized composition 60-2-38 was selected based on 
the preliminary sulfate release results obtained in Chapter 3. A comparison of the sulfate 
and calcium release results between the non-pressurized and pressurized composition 
62-3-35 is shown in Figure 6.5. At 77 days of exposure to saltwater (30 g L-1) in 
laboratory conditions, the sulfate release and calcium release for non-pressurized 
specimens is significantly lower than pressurized specimens (p=0.0004 and p=0.0264, 
respectively) Thus, the differences in fabrication are most likely the cause for significant 
differences in the Rt between pressurized and non-pressurized specimens. 
 
Figure 6.5. Comparison of sulfate and calcium release between pressurized and non-
pressurized composition of 62% pFG, 3% PC, and 35% FA exposed to saltwater in the 
laboratory. 
The major effect fabrication imposes on specimens of sFG is a change in the 




content and additional material compacted within a certain volume. The result of 
fabrication by pressurization therefore leads to a lower porosity of specimens when 
compared to the porosity of specimens formed without pressurization. The decrease in 
porosity, specifically surface porosity, has been recognized as a mechanism for 
increasing water resistance of a specimen (Singh and Garg 1996; Wenzel 1936).  
An informal leaching test was performed to examine the increase of water content 
on pressurized specimens. Pressurized specimens of 4%, 8%, and 12% water content 
were exposed to a solution of artificial saltwater (30 g L-1) and rotated end over end at 30 
rpm for 7 days. It was initially hypothesized that the water content of 4% was insufficient 
to fully activate the cementitious properties in sFG. However, specimens with 4% water 
content retained (Equation 6.1) approximately 65% of the dry mass while specimens with 
8% and 12% retained approximately 50% of the dry mass. Additional analysis of the 
pressurized and non-pressurized specimens by inductively coupled plasma mass 
spectrometry and scanning electron microscopy indicated no substantial differences in the 
materials. Future work is recommended to determine the cause of the decrease in retained 
mass of pressurized specimens compared to non-pressurized specimens of sFG. 
PG has been shown to have a smaller grain size distribution compared to pFG 
(Taha et al. 1995). Based on the demonstrated survivability of stabilized PG (Guo et al. 
2001), the decrease in internal porosity due to a decrease in particle size is beneficial to a 
stabilized gypsum specimen’s ability to resist physical degradation in a marine 
environment. This implies that non-pressurized compositions of PG, type I/II Portland 




pressurized compositions of sFG. Future work is recommended to examine this 
hypothesis. 
6.4. Conclusions 
The effect of field conditions in a saltwater environment which include hydro-
dynamic forces, attachment of aquatic organisms, infinite concentration gradient, salinity 
variation, and temperature variation on the retained mass of two compositions of pH-
adjusted fluorogypsum (pFG) stabilized with type I/II Portland cement (PC) and class C 
fly ash (FA) was assessed. The retained mass of the composition consisting of 60% pFG, 
2% PC, and 38% FA formed without pressurization (77.6%) was found to be 
significantly higher than the retained mass of the composition consisting of 62%, pFG, 
3% PC, 35% FA formed with pressurization (39.7%) at 449 days of exposure to 
saltwater. The cause of this significant difference is unknown but most likely attributed to 
the fabrication method (i.e., non-pressurized versus pressurized). 
The specimens of the non-pressurized composition attracted several aquatic 
organisms such as: oysters, barnacles, worms, and bryozoans which may mitigate the 
retained mass by decreasing exposed surface area. The specimens of the pressurized 
composition attracted similar organisms with the exception of oysters. However, a 
barnacle penetrated the surface of a pressurized specimen which may indicate lower 
resistance to aquatic organisms. The retained mass of these specimens is further 
decreased due to the influence of aquatic organisms. Thus, fabrication of stabilized 
fluorogypsum without pressurization is recommended for exposure to the field conditions 





Chapter 7. Discussion 
The work of this dissertation explored the effects of exposure to three salinities, 
i.e., saltwater (30 g L-1), brackish water (15 g L-1), and freshwater (0.5 g L-1), on 11 
compositions of stabilized fluorogypsum [i.e., 60% to 90% pH adjusted fluorogypsum 
(pFG), 2% to 10% type I/II Portland cement (PC), and 0% to 38% class C fly ash (FA)]. 
Despite significantly lower sulfate and calcium effective diffusion coefficients compared 
to compositions with 6% and 2% PC, compositions with 10% PC developed ruptures 
which, based on a previous study (Rusch et al. 2002), indicate these compositions are not 
suitable for aquatic applications. The cause of these ruptures is most likely due to internal 
and external sulfate attack which lead to the formation of ettringite resulting in 
volumetric expansion (Marchand et al. 2003). 
From the sulfate and calcium release (Chapter 3 and Chapter 4, respectively) of 
the 11 compositions in each salinity (i.e., saltwater, brackish water, and freshwater), an 
empirical model was developed to predict the retained mass based on composition and 
time of exposure in each salinity (Chapter 5). Utilizing the predicted retained mass at 365 
days of exposure, compositions of stabilized fluorogypsum were optimized with respect 
to the reducing materials’ cost per predicted retained mass. In addition, a minimum pre-
exposure compressive strength of 4.136 MPa (600 psi) based on a model developed by 
Bigdeli et al. (in review) was selected for underwater applications. A composition of 
75.04% pFG, 2% PC, 22.96% FA was identified as the optimized composition for 
exposure to saltwater and brackish water while a composition of 85.23% pFG, 10% PC, 




The effect of curing time on the hydration reaction of stabilized fluorogypsum 
was assessed by X-Ray diffraction to determine if a reduction in the 28 day curing time 
will affect the dissolution potential. Results of this analysis were inconclusive as 
ettringite was the only hydration product with a substantial relative increase. This study 
was not included in this work as further experiments are needed to determine if curing 
time may be reduced without affecting the dissolution potential. 
Finally, the results of a field application (Chapter 6) of stabilized fluorogypsum 
for approximately 1 year in a marine environment indicate a calibration of the model 
developed in Chapter 5 is needed to account for field conditions such as hydro-dynamic 
forces, influence of aquatic organisms, temperature variations, etc. The predicted retained 
mass (84%) is within 7% of the average retained mass (77%) observed at 372 days of 
exposure in the field for a composition of 60% pFG, 2% PC, and 38% FA. Validation of 
the model for time (i.e., extrapolation) is recommended for future work. 
One of the more interesting findings of this dissertation research is the 
recommendation of high pH-adjusted fluorogypsum content (i.e., 70% or 80% as dry 
weight) in stabilized fluorogypsum, formed without pressurization, for saltwater and 
freshwater applications. In contrast, previous research regarding the stabilization of 
industrially produced gypsums, specifically phosphogypsum, for aquatic applications 
utilized a fabrication method involving the pressurization of the material. Initial studies 
indicated a composition of 70% phosphogypsum (PG) with 30% PC, fabricated with 
pressurization, is suitable for aquatic applications (Guo et al. 1999; Wilson et al. 1998). 
However, when the PG content is increased to 85% with a decreased PC content of 15%, 




economic analysis indicated PC content of stabilized phosphogypsum should be less than 
5% to be competitive with limestone (Wilson and Keithly 1999). To maintain stability 
and achieve this PC content, replacement of PC with class C fly in stabilized PG, 
fabricated under pressurization, was found to be effective in saltwater conditions. 
Fabrication of specimens under pressurization decreases porosity by lowering water 
content and increasing density. The decrease in porosity has been shown to lead to a 
decrease in dissolution potential which increases the survivability in an aquatic 
environment (Haga et al. 2005). 
The results of this dissertation indicate that pressurization does not necessarily 
decrease the dissolution potential of stabilized fluorogypsum in aquatic environments. 
Sulfate and calcium effective diffusion coefficients of stabilized fluorogypsum fabricated 
without pressurization are within the same order of magnitude (10-13 m2 s-1) as stabilized 
phosphogypsum fabricated with pressurization. In fact, specimens of stabilized 
fluorogypsum fabricated with pressurization have significantly worse performance, as 
observed in the retained mass (Chapter 6), after field exposure compared to stabilized 
fluorogypsum fabricated without pressurization. An increased particle size distribution in 
pFG compared to PG (Taha et al. 1995) may explain the increased dissolution potential in 
stabilized pFG compared to stabilized PG due to a pressurized fabrication. 
Use of effective diffusion coefficients has been suggested as the preferred 
parameter for assessing the dissolution potential of stabilized gypsum materials (Guo et 
al. 2004). The first half of the research chapters in this dissertation (Chapters 3 and 4) 
focused on estimating the sulfate and calcium effective diffusion coefficients of stabilized 




estimating the sulfate and calcium effective diffusion coefficients, the critical time (i.e., 
time when dissolution rate equals precipitation rate) for sulfate and calcium can also be 
estimated. However, the use of critical times as a parameter for comparing the 
compositions is not recommended due to the high variabilities that may be expected in 
field applications. The second half (Chapters 5 and 6) addressed a different parameter, 
i.e., retained mass, for assessing the stability of a composition of stabilized 
fluorogypsum. Several advantages for the use of retained mass over effective diffusion 
coefficients where found when examining the results of field data. 
First, measurement of the release of specific ions for determining the effective 
diffusion coefficient in situ at a field site requires specialized equipment. For example, a 
diffusion gradient in thin-film hydrogel probe has been used to determine the diffusion 
coefficient of copper-complexing ligands in rivers, estuaries, and harbors (Twiss and 
Moffett 2002). However, the use of probes would be difficult to monitor release from a 
specific source unless tracer elements were utilized. Second, the hydrodynamic forces 
and influence of aquatic organisms would affect the effective diffusion coefficient. With 
an increase in velocity of the solvent, advection processes can be assumed to be 
significantly more relevant in comparison with diffusion processes (Shackelford 1991). 
The influence of aquatic organisms, specifically through attachment, decreases the 
exposed surface area. However, aquatic organisms may increase dissolution if the surface 
of the material is penetrated. Finally, mass loss (i.e., complement of retained mass) is a 
highly practical commonly obtained parameter in studies examining the durability of 
rock, concrete, or solidified/stabilized wastes in wet-dry or freeze-thaw cycles (ASTM 




Chapter 8. Conclusions and Recommendations 
Based on the dissolution potential, as assessed by the sulfate and calcium 
diffusion coefficients, stabilized fluorogypsum may be utilized as a construction material 
for artificial reefs. Several conclusions of this dissertation research support and further 
specify this claim. 
1) Stabilized fluorogypsum with a high content of pH-adjusted fluorogypsum 
(i.e., 70% of dry weight) may be utilized in saltwater and brackish water applications 
while up to 80% pH-adjusted fluorogypsum may utilized in freshwater applications. With 
sulfate and calcium diffusion coefficients of 2.19×10-13m2s-1 and 5.00×10-13m2s-1 in 
saltwater, respectively, and 4.64×10-13m2s-1 and 2.23×10-13m2s-1 in brackish water, 
respectively, the composition of 70% pH-adjusted fluorogypsum (pFG), 2% type I/II 
Portland cement (PC), and 28% class C fly ash (FA) can be projected to resist 
degradation in these environments for at least 1.5 years. This assumption is based on a 
comparison of the effective diffusion coefficients of stabilized phosphogypsum which has 
been shown to resist degradation due to exposure to saltwater for at least 1.5 years. 
2) The development of ruptures due to exposure to saltwater, brackish water, and 
freshwater indicate compositions with 10% PC are not suitable for aquatic applications. 
The cause of rupture development is most likely due to volumetric expansion by the 
formation of ettringite from internal and external sulfate attack. 
3) The aquatic applications of stabilized fluorogypsum do not require a 
pressurized fabrication method to sufficiently reduce the dissolution potential needed for 
maintaining stability in the water. The sulfate and calcium diffusion coefficients from the 




in this study are within the same order of magnitude as the sulfate and calcium 
coefficients of stabilized phosphogypsum fabricated with pressurization as found by other 
researchers. 
4) The retained mass of stabilized fluorogypsum may be predicted, within 6%, 
utilizing sulfate and calcium release while assuming all other ion release to be negligible. 
Of the 11 compositions of stabilized fluorogypsum exposed to three solvent 
concentrations, there are 21 instances where the observed retained mass and the truncated 
retained mass (i.e., retained mass determined from sulfate and calcium release) are 
significantly different at 95% confidence. However, for compositions with significantly 
different observed retained mass and truncated retained mass, the differences in the mean 
are typically 1% to 4% (16 of 21) with the largest difference in these means at 5.89%. 
5) Compositions were optimized for materials’ cost per retained mass with a pre-
exposure compressive strength minimum of 4.136 MPa (600 psi). The composition 
75.04% pFG, 2% PC, and 22.96% FA was estimated to have the minimum materials’ cost 
per retained mass at $21.68 ton-1 and $22.13 ton-1 for 365 days of exposure to saltwater 
and brackish water, respectively. The composition 85.23% pFG, 10% PC, and 4.77% FA 
was estimated to have the minimum materials’ cost per retained mass at $17.07 ton-1 for 
365 days of exposure to freshwater. 
6) Prediction of the retained mass based on composition and time of exposure as 
determined from sulfate and calcium release obtained in the laboratory is within 7% of 
the mean retained mass after 372 days of field exposure. It is noted that the predicted 





7) A pressurized fabrication method negatively impacts the stability of stabilized 
fluorogypsum as the retained mass is approximately 40% after 449 days of exposure. 
This is compared with an approximately 85% retained mass for a non-pressurized 
fabrication of stabilized fluorogypsum. 
Recommendations for future research of the use of stabilized fluorogypsum in 
aquatic applications include: 
1) Use of fluorogypsum before the pH-adjustment addition of circulating fluidized 
bed ash or lime. 
2) Replacement of class C fly ash with other pozzolanic materials such as bagasse 
ash or rice hull ash to reduce cost. 
3) Replacement of type I/II Portland cement with type V Portland cement or 
alternative cements with higher sulfate resistance. 
4) Surface hardness testing of stabilized fluorogypsum with a comparison to 
oyster setting based on composition. 
5) Determine the impacts on aquatic organisms such as toxicity and 
bioaccumulation. 
6) Comparison with stabilized phosphogypsum fabricated without pressurization 
for possible applications of a similar industrially produced by-product gypsum. 
7) Validation of the model (Chapter 5) for extrapolating the retained mass beyond 
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Appendix A. Non-pressurized Specimen Dynamic Leaching Interval Exchanges 
Composition: 90% fluorogypsum, 10% Portland type I/II cement, 0% class C fly ash 
Salinity: Saltwater 
Replicate 1    Mass of Sample + Holder Final Mass 76.2 g 














































T01 0.08 0.08 Mon 6/23/14 10:55 AM 10:55 AM 121.4 838 8.12 43.50  21.3 
T02 0.21 0.29 Mon 6/23/14 3:52 PM 3:53 PM 121.3 852 8.18 45.30  21.7 
T03 0.71 1.00 Tue 6/24/14 8:55 AM 9:14 AM 121.4 860 8.20 43.60  20.8 
T04 1.00 2.0 Wed 6/25/14 8:55 AM 9:15 AM 121.5 848 8.20 41.00  20.3 
T05 1.00 3.0 Thurs 6/26/14 8:55 AM 9:13 AM 121.1 845 8.22 40.70  20.5 
T06 1.00 4.0 Fri 6/27/14 8:55 AM 9:09 AM 121 842 8.15 38.50  20.4 
T07 1.00 5.0 Sat 6/28/14 8:55 AM 9:09 AM 120.8 840 8.12 48.80  20.8 
T08 2.00 7.0 Mon 6/30/14 8:55 AM 8:59 AM 120.2 842 8.20    
T09 3.00 10.0 Thurs 7/3/14 8:55 AM 9:10 AM 119.7 845 8.20 43.40  20.6 
T10 4.00 14.0 Mon 7/7/14 8:55 AM 9:11 AM 119.3 846 8.31 34.10  20.9 
T11 7.00 21.0 Mon 7/14/14 8:55 AM 9:16 AM 118.7 840 8.32 34.20  20.6 
T12 7.00 28.0 Mon 7/21/14 8:55 AM 9:52 AM 117.7 838 8.25 32.60  21.3 
T13 7.00 35.0 Mon 7/28/14 8:55 AM 9:24 AM 117.6 840 8.15 67.20  20.5 
T14 7.00 42.0 Mon 8/4/14 8:55 AM 9:40 AM 116.5 850 8.26 48.60  21.9 
T15 7.00 49.0 Mon 8/11/14 8:55 AM 9:16 AM 116 845 8.30 49.08 238 20 
T16 14.00 63.0 Mon 8/25/14 8:55 AM 11:09 AM 114.9 852 8.39 47.83 260 21.7 






Replicate 2    Mass of Sample + Holder Final Mass 76.3 g 














































T01 0.08 0.08 Mon 6/23/14 10:55 AM 10:57 AM 120.5 835 8.09 43.80   21.5 
T02 0.21 0.29 Mon 6/23/14 3:52 PM 3:55 PM 120.4 852 8.18 45.40   21.7 
T03 0.71 1.00 Tue 6/24/14 8:55 AM 9:15 AM 120.4 860 8.18 44.00   21.2 
T04 1.00 2.0 Wed 6/25/14 8:55 AM 9:16 AM 120.4 855 8.17 41.00   20.7 
T05 1.00 3.0 Thurs 6/26/14 8:55 AM 9:14 AM 120.0 842 8.20 40.30   20.5 
T06 1.00 4.0 Fri 6/27/14 8:55 AM 9:11 AM 119.6 848 8.12 38.70   20.5 
T07 1.00 5.0 Sat 6/28/14 8:55 AM 9:11 AM 119.8 842 8.14 48.80   20.8 
T08 2.00 7.0 Mon 6/30/14 8:55 AM 9:00 AM 119.4 845 8.21      
T09 3.00 10.0 Thurs 7/3/14 8:55 AM 9:12 AM 118.6 855 8.17 43.30   20.6 
T10 4.00 14.0 Mon 7/7/14 8:55 AM 9:13 AM 118.1 856 8.28 33.60   21 
T11 7.00 21.0 Mon 7/14/14 8:55 AM 9:18 AM 117.4 848 8.35 34.50   20.6 
T12 7.00 28.0 Mon 7/21/14 8:55 AM 9:54 AM 116.3 845 8.25 36.10   21.3 
T13 7.00 35.0 Mon 7/28/14 8:55 AM 9:26 AM 115.9 845 8.18 67.00   20.6 
T14 7.00 42.0 Mon 8/4/14 8:55 AM 9:42 AM 115.0 840 8.25 48.80   21.9 
T15 7.00 49.0 Mon 8/11/14 8:55 AM 9:18 AM 114.3 840 8.29 48.91 236 19.9 
T16 14.00 63.0 Mon 8/25/14 8:55 AM 11:11 AM 113.6 850 8.32 47.65 262 21.7 







Replicate 3    Mass of Sample + Holder Final Mass 76.5 g 














































T01 0.08 0.08 Mon 6/23/14 10:55 AM 11:00 AM 120.7 835 8.13 43.90   21.5 
T02 0.21 0.29 Mon 6/23/14 3:52 PM 3:56 PM 120.6 850 8.16 45.10   21.5 
T03 0.71 1.00 Tue 6/24/14 8:55 AM 9:18 AM 120.5 860 8.16 43.90   21.3 
T04 1.00 2.0 Wed 6/25/14 8:55 AM 9:17 AM 120.6 855 8.18 40.90   20.7 
T05 1.00 3.0 Thurs 6/26/14 8:55 AM 9:17 AM 120.3 850 8.24 40.50   20.6 
T06 1.00 4.0 Fri 6/27/14 8:55 AM 9:12 AM 120.0 850 8.14 39.00   20.4 
T07 1.00 5.0 Sat 6/28/14 8:55 AM 9:12 AM 119.8 840 8.14 48.70   20.9 
T08 2.00 7.0 Mon 6/30/14 8:55 AM 9:02 AM 119.5 842 8.17      
T09 3.00 10.0 Thurs 7/3/14 8:55 AM 9:13 AM 118.8 845 8.19 43.30   20.8 
T10 4.00 14.0 Mon 7/7/14 8:55 AM 9:14 AM 118.5 840 8.29 34.50   21.0 
T11 7.00 21.0 Mon 7/14/14 8:55 AM 9:19 AM 118.0 850 8.38 34.50   20.7 
T12 7.00 28.0 Mon 7/21/14 8:55 AM 9:56 AM 117.4 848 8.30 35.90   21.3 
T13 7.00 35.0 Mon 7/28/14 8:55 AM 9:27 AM 116.8 849 8.17 62.10   20.5 
T14 7.00 42.0 Mon 8/4/14 8:55 AM 9:46 AM 116.1 850 8.30 48.70   22.0 
T15 7.00 49.0 Mon 8/11/14 8:55 AM 9:20 AM 115.1 845 8.35 48.89 239 19.9 
T16 14.00 63.0 Mon 8/25/14 8:55 AM 11:13 AM 114.3 852 8.45 47.83 261 21.6 







Salinity: Brackish water 
Replicate 1    Mass of Sample + Holder Final Mass 74.2 g 














































T01 0.08 0.08 Mon 6/23/14 10:55 AM 11:02 AM 120.0 835 8.18 24.5  21.4 
T02 0.21 0.29 Mon 6/23/14 3:52 PM 3:58 PM 120.0 853 8.37 24.6  21.5 
T03 0.71 1.00 Tue 6/24/14 8:55 AM 9:20 AM 120.0 880 8.41 24.5  21 
T04 1.00 2.0 Wed 6/25/14 8:55 AM 9:19 AM 119.9 850 8.43 24.2  20.6 
T05 1.00 3.0 Thurs 6/26/14 8:55 AM 9:19 AM 120.2 858 8.51 24.1  20.5 
T06 1.00 4.0 Fri 6/27/14 8:55 AM 9:14 AM 119.7 870 8.41 25.5  20.5 
T07 1.00 5.0 Sat 6/28/14 8:55 AM 9:14 AM 119.4 858 8.37 27  20.8 
T08 2.00 7.0 Mon 6/30/14 8:55 AM 9:05 AM 118.6 865 8.53    
T09 3.00 10.0 Thurs 7/3/14 8:55 AM 9:14 AM 118.1 860 8.59 24.7  20.7 
T10 4.00 14.0 Mon 7/7/14 8:55 AM 9:15 AM 117.5 860 8.76 23  20.9 
T11 7.00 21.0 Mon 7/14/14 8:55 AM 9:20 AM 116.8 860 8.80 23  20.7 
T12 7.00 28.0 Mon 7/21/14 8:55 AM 9:59 AM 115.6 852 8.75 24.7  21.3 
T13 7.00 35.0 Mon 7/28/14 8:55 AM 9:29 AM 115.2 860 8.58 37.5  20.8 
T14 7.00 42.0 Mon 8/4/14 8:55 AM 9:48 AM 114.3 855 8.67 26.6  22 
T15 7.00 49.0 Mon 8/11/14 8:55 AM 9:22 AM 113.5 850 8.58 26.77 224 20 
T16 14.00 63.0 Mon 8/25/14 8:55 AM 11:15 AM 112.9 845 8.71 26.26 256 21.6 






Replicate 2    Mass of Sample + Holder Final Mass 76.1 g 














































T01 0.08 0.08 Mon 6/23/14 10:55 AM 11:04 AM 121.4 835 8.25 24.5  22 
T02 0.21 0.29 Mon 6/23/14 3:52 PM 4:00 PM 121.5 855 8.40 24.9  21.4 
T03 0.71 1.00 Tue 6/24/14 8:55 AM 9:21 AM 121.4 880 8.39 24.4  21.1 
T04 1.00 2.0 Wed 6/25/14 8:55 AM 9:24 AM 121.1 850 8.42 24.3  20.6 
T05 1.00 3.0 Thurs 6/26/14 8:55 AM 9:21 AM 120.9 855 8.48 23.7  20.5 
T06 1.00 4.0 Fri 6/27/14 8:55 AM 9:16 AM 120.7 850 8.38 25.5  20.4 
T07 1.00 5.0 Sat 6/28/14 8:55 AM 9:17 AM 120.6 855 8.41 26.9  20.7 
T08 2.00 7.0 Mon 6/30/14 8:55 AM 9:07 AM 120.2 852 8.56    
T09 3.00 10.0 Thurs 7/3/14 8:55 AM 9:17 AM 119.5 865 8.60 24.9  20.6 
T10 4.00 14.0 Mon 7/7/14 8:55 AM 9:16 AM 119.2 861 8.71 23.7  20.9 
T11 7.00 21.0 Mon 7/14/14 8:55 AM 9:22 AM 118.6 870 8.82 22.8  20.6 
T12 7.00 28.0 Mon 7/21/14 8:55 AM 10:01 AM 117.8 855 8.72 26.4  21.3 
T13 7.00 35.0 Mon 7/28/14 8:55 AM 9:31 AM 116.9 858 8.64 37.5  20.8 
T14 7.00 42.0 Mon 8/4/14 8:55 AM 9:50 AM 116.2 878 8.67 27.5  22.2 
T15 7.00 49.0 Mon 8/11/14 8:55 AM 9:23 AM 115.5 865 8.71 26.58 194 20 
T16 14.00 63.0 Mon 8/25/14 8:55 AM 11:16 AM 114.9 840 8.66 26.31 259 21.7 







Replicate 3    Mass of Sample + Holder Final Mass 78.3 g 














































T01 0.08 0.08 Mon 6/23/14 10:55 AM 11:07 AM 122.1 835 8.27 24.6  21.6 
T02 0.21 0.29 Mon 6/23/14 3:52 PM 4:01 PM 122.2 858 8.36 24.9  21.4 
T03 0.71 1.00 Tue 6/24/14 8:55 AM 9:23 AM 122.2 880 8.43 24.4  21.1 
T04 1.00 2.0 Wed 6/25/14 8:55 AM 9:25 AM 122.0 855 8.44 24  20.6 
T05 1.00 3.0 Thurs 6/26/14 8:55 AM 9:22 AM 121.8 850 8.50 24  20.6 
T06 1.00 4.0 Fri 6/27/14 8:55 AM 9:17 AM 121.4 860 8.45 25.3  20.6 
T07 1.00 5.0 Sat 6/28/14 8:55 AM 9:19 AM 121.3 852 8.41 26.9  20.8 
T08 2.00 7.0 Mon 6/30/14 8:55 AM 9:10 AM 120.7 860 8.58    
T09 3.00 10.0 Thurs 7/3/14 8:55 AM 9:18 AM 120.2 852 8.63 24.9  20.7 
T10 4.00 14.0 Mon 7/7/14 8:55 AM 9:18 AM 119.8 860 8.76 24.2  20.9 
T11 7.00 21.0 Mon 7/14/14 8:55 AM 9:26 AM 119.6 860 8.75 23  20.7 
T12 7.00 28.0 Mon 7/21/14 8:55 AM 10:05 AM 118.9 852 8.71 26.6  21.1 
T13 7.00 35.0 Mon 7/28/14 8:55 AM 9:33 AM 118.2 858 8.61 37.6  21.1 
T14 7.00 42.0 Mon 8/4/14 8:55 AM 9:57 AM 117.5 845 8.64 26.9  22.1 
T15 7.00 49.0 Mon 8/11/14 8:55 AM 9:25 AM 117.0 865 8.68 26.36 222 20.2 
T16 14.00 63.0 Mon 8/25/14 8:55 AM 11:19 AM 116.3 848 8.62 26.22 264 21.2 








Replicate 1    Mass of Sample + Holder Final Mass 83.2 g 














































T01 0.08 0.08 Mon 6/23/14 10:55 AM 11:09 AM 121.4 830 9.68 1.29  21.6 
T02 0.21 0.29 Mon 6/23/14 3:52 PM 4:03 PM 121.1 845 9.82 1.47  21.5 
T03 0.71 1.00 Tue 6/24/14 8:55 AM 9:26 AM 121.1 850 10.14 1.84  21 
T04 1.00 2.0 Wed 6/25/14 8:55 AM 9:27 AM 120.9 845 10.38 1.99  20.7 
T05 1.00 3.0 Thurs 6/26/14 8:55 AM 9:24 AM 120.8 840 10.50 1.90  20.6 
T06 1.00 4.0 Fri 6/27/14 8:55 AM 9:19 AM 120.6 848 10.47 2.12  20.6 
T07 1.00 5.0 Sat 6/28/14 8:55 AM 9:20 AM 120.4 842 10.49 1.74  20.8 
T08 2.00 7.0 Mon 6/30/14 8:55 AM 9:14 AM 120.1 845 10.77    
T09 3.00 10.0 Thurs 7/3/14 8:55 AM 9:20 AM 119.8 848 10.97 1.90  20.7 
T10 4.00 14.0 Mon 7/7/14 8:55 AM 9:19 AM 120.0 849 11.13 2.17  20.9 
T11 7.00 21.0 Mon 7/14/14 8:55 AM 9:27 AM 119.8 830 11.35 2.27  20.7 
T12 7.00 28.0 Mon 7/21/14 8:55 AM 10:06 AM 119.4 842 11.23 2.60  21.2 
T13 7.00 35.0 Mon 7/28/14 8:55 AM 9:34 AM 119.3 850 11.09 2.24  20.9 
T14 7.00 42.0 Mon 8/4/14 8:55 AM 9:53 AM 119.4 845 11.11 1.79  22.1 
T15 7.00 49.0 Mon 8/11/14 8:55 AM 9:27 AM 119.0 845 11.15 1.77 110 20.4 
T16 14.00 63.0 Mon 8/25/14 8:55 AM 11:20 AM 118.5 840 11.30 2.04 136 21.6 








Replicate 2    Mass of Sample + Holder Final Mass 84.7 g 














































T01 0.08 0.08 Mon 6/23/14 10:55 AM 11:10 AM 121.3 830 9.62 1.25  21.7 
T02 0.21 0.29 Mon 6/23/14 3:52 PM 4:05 AM 121.5 848 9.81 1.42  21.4 
T03 0.71 1.00 Tue 6/24/14 8:55 AM 9:28 AM 121.7 845 10.18 1.81  21 
T04 1.00 2.0 Wed 6/25/14 8:55 AM 9:28 AM 121.5 845 10.44 1.93  20.7 
T05 1.00 3.0 Thurs 6/26/14 8:55 AM 9:25 AM 121.4 848 10.52 1.86  20.5 
T06 1.00 4.0 Fri 6/27/14 8:55 AM 9:21 AM 121.2 845 10.50 2.06  20.6 
T07 1.00 5.0 Sat 6/28/14 8:55 AM 9:22 AM 120.9 842 10.53 1.70  20.8 
T08 2.00 7.0 Mon 6/30/14 8:55 AM 9:17 AM 120.6 842 10.82    
T09 3.00 10.0 Thurs 7/3/14 8:55 AM 9:23 AM 120.4 845 10.99 1.79  20.6 
T10 4.00 14.0 Mon 7/7/14 8:55 AM 9:20 AM 120.5 850 11.12 2.02  20.9 
T11 7.00 21.0 Mon 7/14/14 8:55 AM 9:29 AM 120.6 855 11.22 2.98  20.6 
T12 7.00 28.0 Mon 7/21/14 8:55 AM 10:08 AM 120.3 840 11.21 2.49  21.1 
T13 7.00 35.0 Mon 7/28/14 8:55 AM 9:36 AM 120.0 849 11.04 2.21  21.3 
T14 7.00 42.0 Mon 8/4/14 8:55 AM 9:54 AM 120.1 845 11.07 1.73  22.1 
T15 7.00 49.0 Mon 8/11/14 8:55 AM 9:28 AM 119.8 848 11.10 1.69 114 20.5 
T16 14.00 63.0 Mon 8/25/14 8:55 AM 11:22 AM 119.7 840 11.24 1.94 124 21.7 







Replicate 3    Mass of Sample + Holder Final Mass 81.1 g 














































T01 0.08 0.08 Mon 6/23/14 10:55 AM 11:12 AM 121.1 830 9.08 1.28  21.7 
T02 0.21 0.29 Mon 6/23/14 3:52 PM 4:06 PM 121.2 845 9.28 1.48  21.5 
T03 0.71 1.00 Tue 6/24/14 8:55 AM 9:30 AM 120.8 845 9.72 1.86  21.1 
T04 1.00 2.0 Wed 6/25/14 8:55 AM 9:30 AM 120.8 845 10.09 2.01  20.8 
T05 1.00 3.0 Thurs 6/26/14 8:55 AM 9:27 AM 120.6 842 10.32 1.92  20.7 
T06 1.00 4.0 Fri 6/27/14 8:55 AM 9:23 AM 120.3 845 10.24 2.17  20.7 
T07 1.00 5.0 Sat 6/28/14 8:55 AM 9:24 AM 120.0 845 10.31 1.81  20.8 
T08 2.00 7.0 Mon 6/30/14 8:55 AM 9:20 AM 119.6 845 10.63    
T09 3.00 10.0 Thurs 7/3/14 8:55 AM 9:25 AM 119.4 850 10.84 1.98  20.7 
T10 4.00 14.0 Mon 7/7/14 8:55 AM 9:22 AM 119.0 849 11.07 2.22  21 
T11 7.00 21.0 Mon 7/14/14 8:55 AM 9:31 AM 118.9 840 11.33 2.35  20.7 
T12 7.00 28.0 Mon 7/21/14 8:55 AM 10:10 AM 118.5 855 11.10 3.74  21.1 
T13 7.00 35.0 Mon 7/28/14 8:55 AM 9:37 AM 118.9 848 11.08 2.44  21.2 
T14 7.00 42.0 Mon 8/4/14 8:55 AM 9:56 AM 118.6 849 11.06 1.99  22.1 
T15 7.00 49.0 Mon 8/11/14 8:55 AM 9:30 AM 118.1 848 11.11 1.88 103 20.6 
T16 14.00 63.0 Mon 8/25/14 8:55 AM 11:24 AM 118.1 850 11.29 2.22 124 21.7 







Composition: 90% fluorogypsum, 2% Portland type I/II cement, 8% class C fly ash 
Salinity: Saltwater 
 
Replicate 1    Mass of Sample + Holder Final Mass 68.7 g 














































T01 0.08 0.08 Mon 6/23/14 11:05 AM 11:15 AM 120.4 840 8.02 44.30  21.7 
T02 0.21 0.29 Mon 6/23/14 4:02 PM 4:14 PM 120.0 858 8.11 45.10  21.5 
T03 0.71 1.00 Tue 6/24/14 9:05 AM 9:37 AM 119.7 860 8.11 43.90  20.7 
T04 1.00 2.0 Wed 6/25/14 9:05 AM 9:33 AM 119.4 860 8.10 41.50  20.7 
T05 1.00 3.0 Thurs 6/26/14 9:05 AM 9:32 AM 119.0 850 8.20 41.50  20.6 
T06 1.00 4.0 Fri 6/27/14 9:05 AM 9:29 AM 116.2 845 8.07 37.40  20.5 
T07 1.00 5.0 Sat 6/28/14 9:05 AM 9:28 AM 115.4 858 8.07 48.40  20.6 
T08 2.00 7.0 Mon 6/30/14 9:05 AM 9:25 AM 114.7 840 8.12    
T09 3.00 10.0 Thurs 7/3/14 9:05 AM 9:28 AM 114.1 850 8.05 43.10  20.3 
T10 4.00 14.0 Mon 7/7/14 9:05 AM 9:33 AM 107.5 845 8.22 35.70  20.9 
T11 7.00 21.0 Mon 7/14/14 9:05 AM 9:18 AM 106.5 840 8.26 34.50  20.7 
T12 7.00 28.0 Mon 7/21/14 9:05 AM 10:02 AM 105.8 845 8.14 37.70  21.2 
T13 7.00 35.0 Mon 7/28/14 9:05 AM 9:43 AM 103.9 850 8.05 67.70  20.8 
T14 7.00 42.0 Mon 8/4/14 9:05 AM 9:43 AM 103.3 835 8.05 48.80  21.5 
T15 7.00 49.0 Mon 8/11/14 9:05 AM 9:33 AM 182.2 855 8.04 48.91 258 20.2 
T16 14.00 63.0 Mon 8/25/14 9:05 AM 11:12 AM 101.3 850 8.07 47.80 251 21.5 






Replicate 2    Mass of Sample + Holder Final Mass 67.7 g 














































T01 0.08 0.08 Mon 6/23/14 11:05 AM 11:16 AM 119.1 840 8.07 44.30  21.6 
T02 0.21 0.29 Mon 6/23/14 4:02 PM 4:15 PM 118.8 858 8.13 45.10  21.5 
T03 0.71 1.00 Tue 6/24/14 9:05 AM 9:38 AM 118.7 855 8.12 43.90  20.9 
T04 1.00 2.0 Wed 6/25/14 9:05 AM 9:35 AM 118.9 860 8.12 40.20  20.8 
T05 1.00 3.0 Thurs 6/26/14 9:05 AM 9:34 AM 118.5 848 8.15 39.90  20.5 
T06 1.00 4.0 Fri 6/27/14 9:05 AM 9:31 AM 118.0 850 8.09 38.00  20.6 
T07 1.00 5.0 Sat 6/28/14 9:05 AM 9:29 AM 117.7 840 8.08 48.60  20.7 
T08 2.00 7.0 Mon 6/30/14 9:05 AM 9:27 AM 117.1 845 8.13    
T09 3.00 10.0 Thurs 7/3/14 9:05 AM 9:29 AM 116.3 846 8.08 43.20  20.6 
T10 4.00 14.0 Mon 7/7/14 9:05 AM 9:35 AM 115.6 850 8.19 35.00  20.8 
T11 7.00 21.0 Mon 7/14/14 9:05 AM 9:20 AM  840 8.22 35.50  20.6 
T12 7.00 28.0 Mon 7/21/14 9:05 AM 10:04 AM 113.8 848 8.15 36.40  21.2 
T13 7.00 35.0 Mon 7/28/14 9:05 AM 9:44 AM 113.1 850 8.05 62.50  20.8 
T14 7.00 42.0 Mon 8/4/14 9:05 AM 9:43 AM 112.0 845 8.10 48.60  21.2 
T15 7.00 49.0 Mon 8/11/14 9:05 AM 9:35 AM 103.8 853 8.09 49.15 256 20.3 
T16 14.00 63.0 Mon 8/25/14 9:05 AM 11:14 AM 102.0 850 8.01 48.31 210 21.5 






Replicate 3    Mass of Sample + Holder Final Mass 72.5 g 














































T01 0.08 0.08 Mon 6/23/14 11:05 AM 11:20 AM 120.5 842 8.07 44.40  21.5 
T02 0.21 0.29 Mon 6/23/14 4:02 PM 4:18 PM 120.4 855 8.13 45.20  21.5 
T03 0.71 1.00 Tue 6/24/14 9:05 AM 9:40 AM 120.2 860 8.12 43.90  21 
T04 1.00 2.0 Wed 6/25/14 9:05 AM 9:36 AM 120.3 858 8.12 38.40  20.9 
T05 1.00 3.0 Thurs 6/26/14 9:05 AM 9:35 AM 119.6 848 8.17 40.30  20.6 
T06 1.00 4.0 Fri 6/27/14 9:05 AM 9:33 AM 119.0 840 8.09 38.50  20.6 
T07 1.00 5.0 Sat 6/28/14 9:05 AM 9:31 AM 118.7 848 8.08 48.60  20.8 
T08 2.00 7.0 Mon 6/30/14 9:05 AM 9:28 AM 118.2 842 8.14    
T09 3.00 10.0 Thurs 7/3/14 9:05 AM 9:31 AM 117.3 845 8.06 43.20  20.7 
T10 4.00 14.0 Mon 7/7/14 9:05 AM 9:37 AM 116.9 848 8.15 36.10  20.9 
T11 7.00 21.0 Mon 7/14/14 9:05 AM 9:23 PM 115.9 840 8.20 35.00  20.7 
T12 7.00 28.0 Mon 7/21/14 9:05 AM 10:06 AM 115.3 840 8.12 36.60  21.2 
T13 7.00 35.0 Mon 7/28/14 9:05 AM 9:46 AM 114.7 850 8.05 67.80  21.1 
T14 7.00 42.0 Mon 8/4/14 9:05 AM 9:47 AM 113.7 845 8.10 48.60  21.1 
T15 7.00 49.0 Mon 8/11/14 9:05 AM 9:37 AM 112.9 840 8.09 49.20 257 20.4 
T16 14.00 63.0 Mon 8/25/14 9:05 AM 11:15 AM 111.7 850 8.03 48.31 133 21.5 







Salinity: Brackish water 
 
Replicate 1    Mass of Sample + Holder Final Mass 72.1 g 














































T01 0.08 0.08 Mon 6/23/14 11:05 AM 11:21 AM 121.7 838 8.25 24.80  21.7 
T02 0.21 0.29 Mon 6/23/14 4:02 PM 4:20 PM 121.5 855 8.31 25.10  21.4 
T03 0.71 1.00 Tue 6/24/14 9:05 AM 9:41 AM 121.3 850 8.29 24.60  21 
T04 1.00 2.0 Wed 6/25/14 9:05 AM 9:38 AM 120.9 882 8.33 24.10  20.8 
T05 1.00 3.0 Thurs 6/26/14 9:05 AM 9:36 AM 120.6 875 8.35 24.00  20.5 
T06 1.00 4.0 Fri 6/27/14 9:05 AM 9:34 AM 120.3 862 8.31 25.50  20.6 
T07 1.00 5.0 Sat 6/28/14 9:05 AM 9:32 AM 119.7 850 8.30 26.90  20.8 
T08 2.00 7.0 Mon 6/30/14 9:05 AM 9:30 AM 119.3 865 8.33    
T09 3.00 10.0 Thurs 7/3/14 9:05 AM 9:32 AM 118.4 860 8.28 24.90  20.6 
T10 4.00 14.0 Mon 7/7/14 9:05 AM 9:38 AM 117.6 870 8.37 23.80  20.8 
T11 7.00 21.0 Mon 7/14/14 9:05 AM 9:26 AM 116.6 860 8.94 23.10  20.6 
T12 7.00 28.0 Mon 7/21/14 9:05 AM 10:08 AM 115.8 855 8.38 25.90  21.3 
T13 7.00 35.0 Mon 7/28/14 9:05 AM 9:47 AM 114.9 862 8.29 38.00  21.1 
T14 7.00 42.0 Mon 8/4/14 9:05 AM 9:49 AM 114.6 858 8.23 26.40  21.8 
T15 7.00 49.0 Mon 8/11/14 9:05 AM 9:38 AM 113.7 860 8.30 27.01 254 20.5 
T16 14.00 63.0 Mon 8/25/14 9:05 AM 11:17 AM 112.6 850 8.29 26.50 185 21.6 






Replicate 2    Mass of Sample + Holder Final Mass 72.3 g 














































T01 0.08 0.08 Mon 6/23/14 11:05 AM 11:22 AM 121.4 835 8.23 24.70  21.6 
T02 0.21 0.29 Mon 6/23/14 4:02 PM 4:22 PM 121.3 853 8.27 24.90  21.4 
T03 0.71 1.00 Tue 6/24/14 9:05 AM 9:43 AM 121.2 845 8.28 24.80  21 
T04 1.00 2.0 Wed 6/25/14 9:05 AM 9:39 AM 120.7 882 8.33 24.20  20.7 
T05 1.00 3.0 Thurs 6/26/14 9:05 AM 9:37 AM 120.6 865 8.33 24.20  20.5 
T06 1.00 4.0 Fri 6/27/14 9:05 AM 9:36 AM 120.1 860 8.30 25.60  20.5 
T07 1.00 5.0 Sat 6/28/14 9:05 AM 9:34 AM 119.7 850 8.29 26.80  20.7 
T08 2.00 7.0 Mon 6/30/14 9:05 AM 9:32 AM 119.1 862 8.30    
T09 3.00 10.0 Thurs 7/3/14 9:05 AM 9:34 AM 118.6 858 8.28 24.70  20.6 
T10 4.00 14.0 Mon 7/7/14 9:05 AM 9:39 AM 118.0 868 8.35 24.00  20.8 
T11 7.00 21.0 Mon 7/14/14 9:05 AM 9:30 AM 117.0 862 8.42 23.20  20.6 
T12 7.00 28.0 Mon 7/21/14 9:05 AM 10:09 AM 116.3 855 8.32 25.40  21.1 
T13 7.00 35.0 Mon 7/28/14 9:05 AM 9:49 AM 115.6 860 8.29 37.60  21 
T14 7.00 42.0 Mon 8/4/14 9:05 AM 9:50 AM 114.7 850 8.24 25.90  21.7 
T15 7.00 49.0 Mon 8/11/14 9:05 AM 9:41 AM 113.9 862 8.30 27.13 257 20.6 
T16 14.00 63.0 Mon 8/25/14 9:05 AM 11:19 AM 112.9 840 8.31 26.28 204 21.6 







Replicate 3    Mass of Sample + Holder Final Mass 70.8 g 














































T01 0.08 0.08 Mon 6/23/14 11:05 AM 11:25 AM 119.6 835 8.22 24.80  21.8 
T02 0.21 0.29 Mon 6/23/14 4:02 PM 4:24 AM 119.1 850 8.28 24.90  21.4 
T03 0.71 1.00 Tue 6/24/14 9:05 AM 9:45 AM 119.1 850 8.30 24.60  21 
T04 1.00 2.0 Wed 6/25/14 9:05 AM 9:41 AM 118.7 880 8.33 23.50  20.8 
T05 1.00 3.0 Thurs 6/26/14 9:05 AM 9:39 AM 118.5 855 8.36 23.90  20.6 
T06 1.00 4.0 Fri 6/27/14 9:05 AM 9:37 AM 117.9 858 8.30 25.70  20.7 
T07 1.00 5.0 Sat 6/28/14 9:05 AM 9:36 AM 117.5 855 8.30 26.90  20.9 
T08 2.00 7.0 Mon 6/30/14 9:05 AM 9:34 AM 116.8 860 8.35    
T09 3.00 10.0 Thurs 7/3/14 9:05 AM 9:36 AM 116.1 859 8.30 25.00  20.6 
T10 4.00 14.0 Mon 7/7/14 9:05 AM 9:41 AM 115.5 862 8.37 23.40  20.9 
T11 7.00 21.0 Mon 7/14/14 9:05 AM 9:35 AM 114.6 860 8.44 23.20  20.6 
T12 7.00 28.0 Mon 7/21/14 9:05 AM 10:12 AM 113.8 858 8.36 25.80  21.2 
T13 7.00 35.0 Mon 7/28/14 9:05 AM 9:50 AM 113.2 860 8.26 37.90  21 
T14 7.00 42.0 Mon 8/4/14 9:05 AM 9:52 AM 112.0 868 8.24 26.70  21.7 
T15 7.00 49.0 Mon 8/11/14 9:05 AM 9:42 AM 111.4 860 8.28 26.67 250 20.6 
T16 14.00 63.0 Mon 8/25/14 9:05 AM 11:21 AM 110.5 848 8.25 26.52 216 21.6 









Replicate 1    Mass of Sample + Holder Final Mass 73.2 g 














































T01 0.08 0.08 Mon 6/23/14 11:05 AM 11:26 AM 121.5 829 7.76 1.36  21.6 
T02 0.21 0.29 Mon 6/23/14 4:02 PM 4:26 PM 121.5 845 8.61 1.59  21.4 
T03 0.71 1.00 Tue 6/24/14 9:05 AM 9:47 AM 121.4 850 8.80 1.98  21 
T04 1.00 2.0 Wed 6/25/14 9:05 AM 9:44 AM 121.3 845 9.06 2.09  20.8 
T05 1.00 3.0 Thurs 6/26/14 9:05 AM 9:40 AM 121.2 848 9.17 1.98  20.5 
T06 1.00 4.0 Fri 6/27/14 9:05 AM 9:39 AM 120.8 842 9.16 2.24  20.7 
T07 1.00 5.0 Sat 6/28/14 9:05 AM 9:38 AM 120.4 840 9.11 1.89  20.8 
T08 2.00 7.0 Mon 6/30/14 9:05 AM 9:35 AM 120.0 842 9.31    
T09 3.00 10.0 Thurs 7/3/14 9:05 AM 9:38 AM 119.5 850 9.29 2.23  20.6 
T10 4.00 14.0 Mon 7/7/14 9:05 AM 9:42 AM 119.0 850 9.44 2.61  20.9 
T11 7.00 21.0 Mon 7/14/14 9:05 AM 9:36 AM 118.3 840 9.64 2.73  20.6 
T12 7.00 28.0 Mon 7/21/14 9:05 AM 10:15 AM 118.0 840 9.60 3.26  21.1 
T13 7.00 35.0 Mon 7/28/14 9:05 AM 9:52 AM 116.7 848 9.43 2.92  21.3 
T14 7.00 42.0 Mon 8/4/14 9:05 AM 9:53 AM 116.3 840 9.49 2.47  22.4 
T15 7.00 49.0 Mon 8/11/14 9:05 AM 9:44 AM 115.5 845 9.64 2.36 211 20.7 
T16 14.00 63.0 Mon 8/25/14 9:05 AM 11:24 AM 114.6 840 9.73 2.55 186 21.6 








Replicate 2    Mass of Sample + Holder Final Mass 73.6 g 














































T01 0.08 0.08 Mon 6/23/14 11:05 AM 11:28 AM 120.7 833 7.86 1.38  21.8 
T02 0.21 0.29 Mon 6/23/14 4:02 PM 4:27 AM 120.5 847 8.65 1.58  21.4 
T03 0.71 1.00 Tue 6/24/14 9:05 AM 9:49 AM 120.5 850 8.80 1.98  21 
T04 1.00 2.0 Wed 6/25/14 9:05 AM 9:45 AM 120.4 848 9.03 2.05  20.8 
T05 1.00 3.0 Thurs 6/26/14 9:05 AM 9:41 AM 120.3 840 9.08 1.98  20.5 
T06 1.00 4.0 Fri 6/27/14 9:05 AM 9:40 AM 119.9 848 9.12 2.27  20.6 
T07 1.00 5.0 Sat 6/28/14 9:05 AM 9:39 AM 119.4 845 9.14 1.88  20.7 
T08 2.00 7.0 Mon 6/30/14 9:05 AM 9:37 AM 119.0 840 9.29    
T09 3.00 10.0 Thurs 7/3/14 9:05 AM 3:40 PM 118.5 850 9.26 2.25  20.7 
T10 4.00 14.0 Mon 7/7/14 9:05 AM 9:44 AM 118.0 848 9.42 2.57  20.8 
T11 7.00 21.0 Mon 7/14/14 9:05 AM 9:39 AM 117.3 842 9.70 2.66  20.6 
T12 7.00 28.0 Mon 7/21/14 9:05 AM 10:16 AM 116.9 840 9.57 3.11  21.2 
T13 7.00 35.0 Mon 7/28/14 9:05 AM 9:53 AM 116.1 848 9.36 2.86  21.4 
T14 7.00 42.0 Mon 8/4/14 9:05 AM 9:55 AM 115.6 845 9.38 2.41  22.3 
T15 7.00 49.0 Mon 8/11/14 9:05 AM 9:45 AM 114.9 850 9.65 2.35 209 20.8 
T16 14.00 63.0 Mon 8/25/14 9:05 AM 11:25 AM 114.1 840 9.60 2.54 194 21.6 







Replicate 3    Mass of Sample + Holder Final Mass 71.6 g 














































T01 0.08 0.08 Mon 6/23/14 11:05 AM 11:30 AM 119.3 835 8.07 1.34  21.6 
T02 0.21 0.29 Mon 6/23/14 4:02 PM 4:29 PM 119.1 845 8.50 1.56  21.4 
T03 0.71 1.00 Tue 6/24/14 9:05 AM 9:51 AM 119.3 850 8.82 1.99  20.9 
T04 1.00 2.0 Wed 6/25/14 9:05 AM 9:48 AM 118.9 842 8.96 2.10  20.8 
T05 1.00 3.0 Thurs 6/26/14 9:05 AM 9:43 AM 118.8 845 9.15 1.99  20.6 
T06 1.00 4.0 Fri 6/27/14 9:05 AM 9:41 AM 118.7 848 9.14 2.26  20.7 
T07 1.00 5.0 Sat 6/28/14 9:05 AM 9:41 AM 118.3 842 9.09 1.88  20.9 
T08 2.00 7.0 Mon 6/30/14 9:05 AM 9:38 AM 117.9 845 9.30    
T09 3.00 10.0 Thurs 7/3/14 9:05 AM 9:43 AM 117.4 850 9.27 2.22  20.7 
T10 4.00 14.0 Mon 7/7/14 9:05 AM 9:45 AM 116.7 848 9.53 2.64  20.9 
T11 7.00 21.0 Mon 7/14/14 9:05 AM 9:41 AM 116.2 845 9.69 2.72  20.7 
T12 7.00 28.0 Mon 7/21/14 9:05 AM 10:18 AM 115.8 840 9.65 3.19  21.2 
T13 7.00 35.0 Mon 7/28/14 9:05 AM 9:55 AM 114.8 848 9.45 2.90  21.4 
T14 7.00 42.0 Mon 8/4/14 9:05 AM 9:57 AM 114.1 845 9.44 2.44  22.2 
T15 7.00 49.0 Mon 8/11/14 9:05 AM 9:47 AM 113.6 848 9.65 2.34 212 20.8 
T16 14.00 63.0 Mon 8/25/14 9:05 AM 11:27 AM 113.0 842 9.64 2.56 196 21.7 







Composition: 80% fluorogypsum, 10% Portland type I/II cement, 10% class C fly ash 
Salinity: Saltwater 
 
Replicate 1    Mass of Sample + Holder Final Mass 89.9 g 














































T01 0.08 0.08 Mon 7/21/14 11:30 AM 11:41 AM 126.2 845 8.10 38.80  21.3 
T02 0.21 0.29 Mon 7/21/14 4:27 PM 4:41 PM 126.3 848 8.18   20.4 
T03 0.71 1.00 Tue 7/22/14 9:30 AM 9:30 AM 126.1 850 8.25 31.40  20.5 
T04 1.00 2.0 Wed 7/23/14 9:30 AM 9:24 AM 126.0 845 8.35 31.60  19.2 
T05 1.00 3.0 Thurs 7/24/14 9:30 AM 9:33 AM 125.8 848 8.31 48.70  20.4 
T06 1.00 4.0 Fri 7/25/14 9:30 AM 9:31 AM 125.4 838 8.25 48.20  20.4 
T07 1.00 5.0 Sat 7/26/14 9:30 AM 9:36 AM 125.2 830 8.20 44.00  20.8 
T08 2.00 7.0 Mon 7/28/14 9:30 AM 10:00 AM 124.9 845 8.31 44.50  20.7 
T09 3.00 10.0 Thurs 7/31/14 9:30 AM 9:56 AM 124.8 830 8.35 43.40  20.7 
T10 4.00 14.0 Mon 8/4/14 9:30 AM 10:03 AM 124.8 850 8.38 48.80  21.4 
T11 7.00 21.0 Mon 8/11/14 9:30 AM 9:52 AM 124.7 850 8.40 48.68 268 20.1 
T12 7.00 28.0 Mon 8/18/14 9:30 AM 10:37 AM 124.9 855 8.30 47.60 248 21.2 
T13 7.00 35.0 Mon 8/25/14 9:30 AM 11:29 AM 124.9 842 8.37 46.91 232 21.4 
T14 7.00 42.0 Mon 9/1/14 9:30 AM 11:20 AM 125.2 843 8.31 47.80 247 22.8 
T15 7.00 49.0 Mon 9/8/14 9:30 AM 10:59 AM 125.6 850 8.29 47.80 265 21.3 
T16 14.00 63.0 Mon 9/22/14 9:30 AM 9:16 AM 126.3 865 8.32 47.90 244 21.7 







Replicate 2    Mass of Sample + Holder Final Mass 90.5 g 














































T01 0.08 0.08 Mon 7/21/14 11:30 AM 11:42 AM 128.3 838 8.12 42.00  21.1 
T02 0.21 0.29 Mon 7/21/14 4:27 PM 4:42 PM 128.4 850 8.21   20.4 
T03 0.71 1.00 Tue 7/22/14 9:30 AM 9:32 AM 128.1 850 8.35 48.20  20.6 
T04 1.00 2.0 Wed 7/23/14 9:30 AM 9:26 AM 127.6 845 8.59 53.00  20.2 
T05 1.00 3.0 Thurs 7/24/14 9:30 AM 9:35 AM 127.4 852 8.35 48.70  20.6 
T06 1.00 4.0 Fri 7/25/14 9:30 AM 9:32 AM 127.1 840 8.30 48.40  20.8 
T07 1.00 5.0 Sat 7/26/14 9:30 AM 9:38 AM 126.8 838 8.31 44.10  21 
T08 2.00 7.0 Mon 7/28/14 9:30 AM 10:02 AM 126.5 842 8.34 44.80  21.8 
T09 3.00 10.0 Thurs 7/31/14 9:30 AM 9:58 AM 126.2 850 8.37 43.50  20.5 
T10 4.00 14.0 Mon 8/4/14 9:30 AM 10:05 AM 126.3 845 8.41 48.80  21.4 
T11 7.00 21.0 Mon 8/11/14 9:30 AM 9:55 AM 126.1 840 8.44 48.95 265 20.2 
T12 7.00 28.0 Mon 8/18/14 9:30 AM 10:39 AM 126.1 852 8.54 47.80 239 21.1 
T13 7.00 35.0 Mon 8/25/14 9:30 AM 11:32 AM 126.1 845 8.59 47.21 233 21.4 
T14 7.00 42.0 Mon 9/1/14 9:30 AM 11:22 AM 126.1 845 8.47 47.90 238 22.9 
T15 7.00 49.0 Mon 9/8/14 9:30 AM 11:00 AM 126.6 850 8.43 48.00 270 21.4 
T16 14.00 63.0 Mon 9/22/14 9:30 AM 9:18 AM 127.1 862 8.41 48.00 267 21.9 






Replicate 3    Mass of Sample + Holder Final Mass 90.8 g 














































T01 0.08 0.08 Mon 7/21/14 11:30 AM 11:44 AM 128.4 840 8.11 43.70  21.1 
T02 0.21 0.29 Mon 7/21/14 4:27 PM 4:44 PM 128.4 850 8.20   20.4 
T03 0.71 1.00 Tue 7/22/14 9:30 AM 9:35 AM 128.2 848 8.39 54.00  20.7 
T04 1.00 2.0 Wed 7/23/14 9:30 AM 9:27 AM 127.9 800 8.56 52.60  20.3 
T05 1.00 3.0 Thurs 7/24/14 9:30 AM 9:36 AM 127.7 850 8.30 49.10  20.9 
T06 1.00 4.0 Fri 7/25/14 9:30 AM 9:34 AM 127.4 850 8.29 47.80  20.9 
T07 1.00 5.0 Sat 7/26/14 9:30 AM 9:40 AM 127.1 840 8.31 44.20  21.1 
T08 2.00 7.0 Mon 7/28/14 9:30 AM 10:04 AM 126.7 839 8.35 44.80  21.9 
T09 3.00 10.0 Thurs 7/31/14 9:30 AM 9:59 AM 126.6 820 8.34 43.80  20.8 
T10 4.00 14.0 Mon 8/4/14 9:30 AM 10:07 AM 126.4 845 8.38 49.00  21.4 
T11 7.00 21.0 Mon 8/11/14 9:30 AM 9:58 AM 126.3 850 8.46 49.10 261 20.3 
T12 7.00 28.0 Mon 8/18/14 9:30 AM 10:41 AM 126.3 852 8.35 47.90 249 21.1 
T13 7.00 35.0 Mon 8/25/14 9:30 AM 11:34 AM 126.5 840 8.37 46.80 247 21.4 
T14 7.00 42.0 Mon 9/1/14 9:30 AM 11:24 AM 126.9 841 8.32 47.30 252 22.9 
T15 7.00 49.0 Mon 9/8/14 9:30 AM 11:02 AM 127.4 850 8.33 47.80 275 21.4 
T16 14.00 63.0 Mon 9/22/14 9:30 AM 9:20 AM 128.2 860 8.07 47.90 307  







Salinity: Brackish water 
 
Replicate 1    Mass of Sample + Holder Final Mass 86.2 g 














































T01 0.08 0.08 Mon 7/21/14 11:30 AM 11:46 AM 126.2 850 8.39 29.30  21.2 
T02 0.21 0.29 Mon 7/21/14 4:27 PM 4:45 PM 126.1 852 8.45 31.50  20.8 
T03 0.71 1.00 Tue 7/22/14 9:30 AM 9:37 AM 125.8 852 8.23 26.50  20.6 
T04 1.00 2.0 Wed 7/23/14 9:30 AM 9:30 AM 125.5 842 8.76 26.50  20.4 
T05 1.00 3.0 Thurs 7/24/14 9:30 AM 9:38 AM 125.3 850 8.69 26.50  20.7 
T06 1.00 4.0 Fri 7/25/14 9:30 AM 9:36 AM 125.0 848 8.66 26.40  20.7 
T07 1.00 5.0 Sat 7/26/14 9:30 AM 9:41 AM 124.6 860 8.38 23.30  21 
T08 2.00 7.0 Mon 7/28/14 9:30 AM 10:05 AM 124.4 885 8.73 24.30  21.8 
T09 3.00 10.0 Thurs 7/31/14 9:30 AM 10:01 AM 124.1 870 8.77 23.40  20.3 
T10 4.00 14.0 Mon 8/4/14 9:30 AM 10:09 AM 124.1 888 8.71 26.60  21.5 
T11 7.00 21.0 Mon 8/11/14 9:30 AM 10:00 AM 123.9 865 8.81 26.39 252.00 20.2 
T12 7.00 28.0 Mon 8/18/14 9:30 AM 10:42 AM 123.7 848 8.69 25.80 204.00 21.1 
T13 7.00 35.0 Mon 8/25/14 9:30 AM 11:36 AM 123.7 850 8.78 25.58 248.00 21.4 
T14 7.00 42.0 Mon 9/1/14 9:30 AM 11:26 AM 123.5 831 8.66 26.10 238.00 22.8 
T15 7.00 49.0 Mon 9/8/14 9:30 AM 11:03 AM 123.5 870 8.65 25.90 268.00 21.3 
T16 14.00 63.0 Mon 9/22/14 9:30 AM 9:21 AM 123.7 868 8.61 26.48 275.00 21.7 






Replicate 2    Mass of Sample + Holder Final Mass 87.1 g 














































T01 0.08 0.08 Mon 7/21/14 11:30 AM 11:49 AM 126.4 851 8.38 29.40  21.2 
T02 0.21 0.29 Mon 7/21/14 4:27 PM 4:46 PM 126.4 860 8.45 32.60  20.8 
T03 0.71 1.00 Tue 7/22/14 9:30 AM 9:39 AM 126.1 850 8.67 26.50  20.5 
T04 1.00 2.0 Wed 7/23/14 9:30 AM 9:32 AM 125.9 845 8.73 26.50  20.6 
T05 1.00 3.0 Thurs 7/24/14 9:30 AM 9:41 AM 125.5 850 8.67 26.70  20.6 
T06 1.00 4.0 Fri 7/25/14 9:30 AM 9:38 AM 125.3 850 8.64 26.40  20.7 
T07 1.00 5.0 Sat 7/26/14 9:30 AM 9:43 AM 125.1 858 8.66 24.00  21 
T08 2.00 7.0 Mon 7/28/14 9:30 AM 10:07 AM 124.7 869 8.68 24.30  22.2 
T09 3.00 10.0 Thurs 7/31/14 9:30 AM 10:02 AM 124.4 872 8.74 23.20  20.4 
T10 4.00 14.0 Mon 8/4/14 9:30 AM 10:10 AM 124.3 875 8.72 26.40  21.7 
T11 7.00 21.0 Mon 8/11/14 9:30 AM 10:02 AM 124.1 865 8.75 20.82 251 20.3 
T12 7.00 28.0 Mon 8/18/14 9:30 AM 10:44 AM 124.2 838 8.68 26.00 229 21.1 
T13 7.00 35.0 Mon 8/25/14 9:30 AM 11:38 AM 124.1 852 8.75 25.42 229 21.4 
T14 7.00 42.0 Mon 9/1/14 9:30 AM 11:27 AM 124.0 840 8.64 25.70 238 22.8 
T15 7.00 49.0 Mon 9/8/14 9:30 AM 11:05 AM 124.1 872 8.60 26.00 274 21.21 
T16 14.00 63.0 Mon 9/22/14 9:30 AM 9:23 AM 124.2 855 8.63 26.50 277 21.9 







Replicate 3    Mass of Sample + Holder Final Mass 87.5 g 














































T01 0.08 0.08 Mon 7/21/14 11:30 AM 11:54 AM 126.7 850 8.38 29.90  21 
T02 0.21 0.29 Mon 7/21/14 4:27 PM 4:48 AM 126.9 860 8.45 33.50  20.9 
T03 0.71 1.00 Tue 7/22/14 9:30 AM 9:41 AM 126.6 850 8.71 26.70  20.6 
T04 1.00 2.0 Wed 7/23/14 9:30 AM 9:34 AM 126.2 848 8.74 26.60  20.5 
T05 1.00 3.0 Thurs 7/24/14 9:30 AM 9:43 AM 126.1 850 8.63 26.70  20.7 
T06 1.00 4.0 Fri 7/25/14 9:30 AM 9:39 AM 125.8 850 8.62 26.50  20.8 
T07 1.00 5.0 Sat 7/26/14 9:30 AM 9:46 AM 125.5 882 8.63 23.50  21.1 
T08 2.00 7.0 Mon 7/28/14 9:30 AM 10:09 AM 125.4 868 8.77 24.30  22.2 
T09 3.00 10.0 Thurs 7/31/14 9:30 AM 10:03 AM 125.2 862 8.74 23.70  20.6 
T10 4.00 14.0 Mon 8/4/14 9:30 AM 10:12 AM 125.1 870 8.74 26.20  21.8 
T11 7.00 21.0 Mon 8/11/14 9:30 AM 10:04 AM 124.8 860 8.72 26.88 256 20.4 
T12 7.00 28.0 Mon 8/18/14 9:30 AM 10:45 AM 124.7 840 8.74 26.20 243 21.1 
T13 7.00 35.0 Mon 8/25/14 9:30 AM 11:40 AM 124.7 850 8.75 25.54 247 21.3 
T14 7.00 42.0 Mon 9/1/14 9:30 AM 11:29 AM 124.7 839 8.65 26.00 251 22.8 
T15 7.00 49.0 Mon 9/8/14 9:30 AM 11:06 AM 124.7 875 8.61 26.10 276 21.3 
T16 14.00 63.0 Mon 9/22/14 9:30 AM 9:25 AM 124.6 858 8.66 26.60 225 21.9 








Replicate 1    Mass of Sample + Holder Final Mass 96.4 g 














































T01 0.08 0.08 Mon 7/21/14 11:30 AM 11:58 AM 127.5 838 9.19 2.42  21.1 
T02 0.21 0.29 Mon 7/21/14 4:27 PM 4:50 AM 127.4 845 9.72 2.33  20.8 
T03 0.71 1.00 Tue 7/22/14 9:30 AM 9:43 AM 127.3 843 10.29 1.60  20.6 
T04 1.00 2.0 Wed 7/23/14 9:30 AM 9:37 AM 127.2 849 10.52 1.56  20.2 
T05 1.00 3.0 Thurs 7/24/14 9:30 AM 9:45 AM 127.0 845 10.52 1.43  20.8 
T06 1.00 4.0 Fri 7/25/14 9:30 AM 9:42 AM 126.9 840 10.50 1.61  20.7 
T07 1.00 5.0 Sat 7/26/14 9:30 AM 9:49 AM 127.0 842 10.54 1.22  20.9 
T08 2.00 7.0 Mon 7/28/14 9:30 AM 10:11 AM 126.8 850 10.73 1.34  22 
T09 3.00 10.0 Thurs 7/31/14 9:30 AM 10:05 AM 127.0 842 10.85 1.26  20.4 
T10 4.00 14.0 Mon 8/4/14 9:30 AM 10:14 AM 127.6 855 10.90 1.47  21.8 
T11 7.00 21.0 Mon 8/11/14 9:30 AM 10:05 AM 128.1 850 11.00 1.44 150 20.3 
T12 7.00 28.0 Mon 8/18/14 9:30 AM 10:47 AM 128.3 842 10.98 1.39 127 21.1 
T13 7.00 35.0 Mon 8/25/14 9:30 AM 11:42 AM 128.5 848 11.00 1.39 162 21.4 
T14 7.00 42.0 Mon 9/1/14 9:30 AM 11:31 AM 128.7 839 10.89 1.41 150 22.8 
T15 7.00 49.0 Mon 9/8/14 9:30 AM 11:07 AM 129.0 845 10.91 1.39 157 21.4 
T16 14.00 63.0 Mon 9/22/14 9:30 AM 9:27 AM 129.4 850 11.00 1.61 147 21.9 







Replicate 2    Mass of Sample + Holder Final Mass 94.8 g 














































T01 0.08 0.08 Mon 7/21/14 11:30 AM 11:59 AM 126.4 839 9.30 2.43  21 
T02 0.21 0.29 Mon 7/21/14 4:27 PM 4:51 AM 126.5 845 9.26 2.36  20.9 
T03 0.71 1.00 Tue 7/22/14 9:30 AM 9:45 AM 126.2 843 10.36 1.64  20.6 
T04 1.00 2.0 Wed 7/23/14 9:30 AM 9:39 AM 126.0 848  1.64  20.7 
T05 1.00 3.0 Thurs 7/24/14 9:30 AM 9:47 AM 126.0 845 10.59 1.51  20.8 
T06 1.00 4.0 Fri 7/25/14 9:30 AM 9:44 AM 125.8 850 10.49 1.76  20.6 
T07 1.00 5.0 Sat 7/26/14 9:30 AM 9:52 AM 125.8 845 10.53 1.29  20.9 
T08 2.00 7.0 Mon 7/28/14 9:30 AM 10:12 AM 125.8 850 10.71 1.37  21.8 
T09 3.00 10.0 Thurs 7/31/14 9:30 AM 10:07 AM 125.8 845 10.84 1.30  20.5 
T10 4.00 14.0 Mon 8/4/14 9:30 AM 10:15 AM 126.1 855 10.85 1.45  21.8 
T11 7.00 21.0 Mon 8/11/14 9:30 AM 10:07 AM 126.7 850 10.97 1.49 133 20.4 
T12 7.00 28.0 Mon 8/18/14 9:30 AM 10:48 AM 127.0 842 10.94 1.41 128 21.1 
T13 7.00 35.0 Mon 8/25/14 9:30 AM 11:43 AM 127.1 848 10.98 1.37 158 21.4 
T14 7.00 42.0 Mon 9/1/14 9:30 AM 11:32 AM 127.2 837 10.85 1.42 146 22.8 
T15 7.00 49.0 Mon 9/8/14 9:30 AM 11:09 AM 127.6 850 10.84 1.41 165 21.3 
T16 14.00 63.0 Mon 9/22/14 9:30 AM 9:29 AM 127.9 850 10.94 1.63 146  







Replicate 3    Mass of Sample + Holder Final Mass 96.4 g 














































T01 0.08 0.08 Mon 7/21/14 11:30 AM 12:01 PM 127.7 838 9.21 2.31  21 
T02 0.21 0.29 Mon 7/21/14 4:27 PM 4:53 PM 127.8 850 9.69 2.33  20.9 
T03 0.71 1.00 Tue 7/22/14 9:30 AM 9:47 AM 127.7 850 10.31 1.58  20.6 
T04 1.00 2.0 Wed 7/23/14 9:30 AM 9:41 AM 127.8 845 10.34 1.61  20.3 
T05 1.00 3.0 Thurs 7/24/14 9:30 AM 9:50 AM 127.7 845 10.58 1.37  20.9 
T06 1.00 4.0 Fri 7/25/14 9:30 AM 9:46 AM 127.4 845 10.54 1.35  20.8 
T07 1.00 5.0 Sat 7/26/14 9:30 AM 9:54 AM 127.4 842 10.55 1.21  21 
T08 2.00 7.0 Mon 7/28/14 9:30 AM 10:14 AM 127.5 850 10.71 1.32  22.1 
T09 3.00 10.0 Thurs 7/31/14 9:30 AM 10:08 AM 127.6 847 10.83 1.23  20.6 
T10 4.00 14.0 Mon 8/4/14 9:30 AM 10:17 AM 128.0 855 10.85 1.40  21.8 
T11 7.00 21.0 Mon 8/11/14 9:30 AM 10:10 AM 128.7 855 10.98 1.43 144 20.5 
T12 7.00 28.0 Mon 8/18/14 9:30 AM 10:50 AM 129.1 845 10.95 1.37 129 21 
T13 7.00 35.0 Mon 8/25/14 9:30 AM 11:46 AM 129.2 848 10.97 1.38 150 21.4 
T14 7.00 42.0 Mon 9/1/14 9:30 AM 11:34 AM 129.1 839 10.87 1.41 147 22.8 
T15 7.00 49.0 Mon 9/8/14 9:30 AM 11:10 AM 129.5 850 10.88 1.38 168 21.4 
T16 14.00 63.0 Mon 9/22/14 9:30 AM 9:30 AM 129.9 850 10.77 1.61 134 21.9 








Composition: 80% fluorogypsum, 6% Portland type I/II cement, 14% class C fly ash 
Salinity: Saltwater 
 
Replicate 1    Mass of Sample + Holder Final Mass 78.1 g 














































T01 0.08 0.08 Mon 9/22/14 10:30 AM 10:30 AM 130.8 830 8.07 48.30 271 22 
T02 0.21 0.29 Mon 9/22/14 3:27 PM 3:39 PM 130.8 840 8.06 48.40 318 21.4 
T03 0.71 1.00 Tue 9/23/14 8:30 AM 8:33 AM 130.9 840 8.20 48.00 297 21.5 
T04 1.00 2.0 Wed 9/24/14 8:30 AM 8:45 AM 131.1 842 8.23 48.35 270 21.2 
T05 1.00 3.0 Thurs 9/25/14 8:30 AM 8:40 AM 131.1 848 8.06 48.10 281 21.5 
T06 1.00 4.0 Fri 9/26/14 8:30 AM 8:36 AM 130.6 853 8.14 47.82 263 22.3 
T07 1.00 5.0 Sat 9/27/14 8:30 AM 8:29 AM 130.2 848 8.14 47.10 293 22 
T08 2.00 7.0 Mon 9/29/14 8:30 AM 8:53 AM 130.2 849 8.11 47.85 283 20.5 
T09 3.00 10.0 Thurs 10/2/14 8:30 AM 9:36 AM 129.7 840 8.17 48.10 271 21.1 
T10 4.00 14.0 Mon 10/6/14 8:30 AM 8:43 AM 129.5 848 8.10 49.02 288 21.2 
T11 7.00 21.0 Mon 10/13/14 8:30 AM 9:38 AM 129.2 842 8.20 47.91 267 21.4 
T12 7.00 28.0 Mon 10/20/14 8:30 AM 9:40 AM 128.9 858 8.21 47.70 301 21.4 
T13 7.00 35.0 Mon 10/27/14 8:30 AM 9:50 AM 128.5 845 8.08 48.85 252 20.5 
T14 7.00 42.0 Mon 11/3/14 8:30 AM 9:31 AM 128.0 843 8.20 47.50 229 20.5 
T15 7.00 49.0 Mon 11/10/14 8:30 AM 10:12 AM 127.1 848 8.20 48.25 252 20.6 
T16 14.00 63.0 Mon 11/24/14 8:30 AM 9:22 AM 126.5 840 8.17 48.28 251 20.6 






Replicate 2    Mass of Sample + Holder Final Mass 78.1 g 














































T01 0.08 0.08 Mon 9/22/14 10:30 AM 10:32 AM 131.6 840 8.05 48.20 263 22 
T02 0.21 0.29 Mon 9/22/14 3:27 PM 3:41 PM 131.6 838 8.04 48.00 306 21.4 
T03 0.71 1.00 Tue 9/23/14 8:30 AM 8:35 AM 131.7 848 8.21 47.90 305 21.5 
T04 1.00 2.0 Wed 9/24/14 8:30 AM 8:47 AM 131.8 835 8.25 48.15 257 21.7 
T05 1.00 3.0 Thurs 9/25/14 8:30 AM 8:42 AM 131.7 848 8.12 47.80 291 21.5 
T06 1.00 4.0 Fri 9/26/14 8:30 AM 8:38 AM 131.5 860 8.14 47.70 270 22 
T07 1.00 5.0 Sat 9/27/14 8:30 AM 8:30 AM 131.3 833 8.15 47.10 295 21.9 
T08 2.00 7.0 Mon 9/29/14 8:30 AM 8:55 AM 131.2 850 8.17 47.90 289 20.8 
T09 3.00 10.0 Thurs 10/2/14 8:30 AM 9:38 AM 130.8 845 8.22 48.00 283 21.4 
T10 4.00 14.0 Mon 10/6/14 8:30 AM 8:45 AM 130.4 845 8.13 49.25 289 21.2 
T11 7.00 21.0 Mon 10/13/14 8:30 AM 9:41 AM 130.0 842 8.26 48.45 264 21.4 
T12 7.00 28.0 Mon 10/20/14 8:30 AM 9:41 AM 129.4 840 8.22 47.90 320 21.5 
T13 7.00 35.0 Mon 10/27/14 8:30 AM 9:52 AM 128.9 845 8.22 49.07 254 20.6 
T14 7.00 42.0 Mon 11/3/14 8:30 AM 9:34 AM 128.3 845 8.21 48.03 231 20.5 
T15 7.00 49.0 Mon 11/10/14 8:30 AM 10:13 AM 127.5 850 8.08 47.03 230 20.5 
T16 14.00 63.0 Mon 11/24/14 8:30 AM 9:24 AM 126.8 848 8.23 47.83 258 20.7 






Replicate 3    Mass of Sample + Holder Final Mass 80.1 g 














































T01 0.08 0.08 Mon 9/22/14 10:30 AM 10:33 AM 132.3 830 8.09 48.30 260 22 
T02 0.21 0.29 Mon 9/22/14 3:27 PM 3:43 PM 132.2 840 8.07 48.10 308 21.4 
T03 0.71 1.00 Tue 9/23/14 8:30 AM 8:36 AM 132.4 845 8.21 47.90 300 21.4 
T04 1.00 2.0 Wed 9/24/14 8:30 AM 8:51 AM 132.4 848 8.24 48.66 187 21.2 
T05 1.00 3.0 Thurs 9/25/14 8:30 AM 8:44 AM 132.4 850 8.11 47.90 298 21.5 
T06 1.00 4.0 Fri 9/26/14 8:30 AM 8:39 AM 131.7 858 8.14 47.76 271 22.3 
T07 1.00 5.0 Sat 9/27/14 8:30 AM 8:31 AM 131.5 848 8.14 48.00 304 21.9 
T08 2.00 7.0 Mon 9/29/14 8:30 AM 8:56 AM 131.2 848 8.18 48.00 302 20.7 
T09 3.00 10.0 Thurs 10/2/14 8:30 AM 9:40 AM 131.0 842 8.21 48.10 292 21.4 
T10 4.00 14.0 Mon 10/6/14 8:30 AM 8:47 AM 130.6 845 8.11 49.09 287 21.2 
T11 7.00 21.0 Mon 10/13/14 8:30 AM 9:43 AM 130.6 845 8.23 47.80 249 21.3 
T12 7.00 28.0 Mon 10/20/14 8:30 AM 9:43 AM 129.8 845 8.21 47.90 325 21.5 
T13 7.00 35.0 Mon 10/27/14 8:30 AM 9:54 AM 129.4 850 8.19 48.72 254 20.6 
T14 7.00 42.0 Mon 11/3/14 8:30 AM 9:35 AM 128.2 848 8.22 47.59 233 20.6 
T15 7.00 49.0 Mon 11/10/14 8:30 AM 10:14 AM 128.3 850 8.14 47.33 259 20.5 
T16 14.00 63.0 Mon 11/24/14 8:30 AM 9:25 AM 128.0 850 8.24 47.77 270 20.7 







Salinity: Brackish water 
 
Replicate 1    Mass of Sample + Holder Final Mass 78.1 g 














































T01 0.08 0.08 Mon 9/22/14 10:30 AM 10:34 AM 131.5 830 8.06 26.02 263 22.1 
T02 0.21 0.29 Mon 9/22/14 3:27 PM 3:44 PM 131.5 840 8.14 26.10 283 21.5 
T03 0.71 1.00 Tue 9/23/14 8:30 AM 8:38 AM 131.2 848 8.27 26.30 289 21.6 
T04 1.00 2.0 Wed 9/24/14 8:30 AM 8:53 AM 131.3 845 8.46 26.46 202 21.7 
T05 1.00 3.0 Thurs 9/25/14 8:30 AM 8:49 AM 131.1 855 8.33 26.20 296 21.5 
T06 1.00 4.0 Fri 9/26/14 8:30 AM 8:42 AM 131.0 865 8.38 25.80 266 22.2 
T07 1.00 5.0 Sat 9/27/14 8:30 AM 8:34 AM 130.9 860 8.36 25.90 267 21.8 
T08 2.00 7.0 Mon 9/29/14 8:30 AM 8:58 AM 130.4 850 8.40 26.00 289 21.4 
T09 3.00 10.0 Thurs 10/2/14 8:30 AM 9:46 AM 130.1 880 8.40 26.50 285 21.2 
T10 4.00 14.0 Mon 10/6/14 8:30 AM 8:49 AM 129.6 865 8.39 26.78 280 21.4 
T11 7.00 21.0 Mon 10/13/14 8:30 AM 9:46 AM 129.4 845 8.48 26.40 256 21.6 
T12 7.00 28.0 Mon 10/20/14 8:30 AM 9:44 AM 128.7 838 8.47 26.50 317 20.6 
T13 7.00 35.0 Mon 10/27/14 8:30 AM 5:57 AM 128.3 820 8.45 26.97 358 20.7 
T14 7.00 42.0 Mon 11/3/14 8:30 AM 9:38 AM 127.9 812 8.47 26.30 228 20.6 
T15 7.00 49.0 Mon 11/10/14 8:30 AM 10:18 AM 127.3 845 8.43 26.26 253 20.6 
T16 14.00 63.0 Mon 11/24/14 8:30 AM 9:28 AM 126.5 872 8.41 25.22 275 20.6 






Replicate 2    Mass of Sample + Holder Final Mass 77.1 g 














































T01 0.08 0.08 Mon 9/22/14 10:30 AM 10:35 AM 128.8 838 8.13 26.00 270 22.1 
T02 0.21 0.29 Mon 9/22/14 3:27 PM 3:45 PM 128.7 850 8.17 26.50 207 21.5 
T03 0.71 1.00 Tue 9/23/14 8:30 AM 8:39 AM 128.8 848 8.32 26.10 295 21.5 
T04 1.00 2.0 Wed 9/24/14 8:30 AM 8:54 AM 128.6 850 8.38 26.33 239 21.8 
T05 1.00 3.0 Thurs 9/25/14 8:30 AM 8:51 AM 128.5 845 8.30 26.40 299 21.6 
T06 1.00 4.0 Fri 9/26/14 8:30 AM 8:44 AM 128.4 858 8.35 26.00 268 22.2 
T07 1.00 5.0 Sat 9/27/14 8:30 AM 8:36 AM 128.1 860 8.33 26.10 264 21.9 
T08 2.00 7.0 Mon 9/29/14 8:30 AM 9:00 AM 127.9 875 8.36 26.10 296 20.9 
T09 3.00 10.0 Thurs 10/2/14 8:30 AM 9:48 AM 127.5 872 8.39 26.30 290 21.5 
T10 4.00 14.0 Mon 10/6/14 8:30 AM 8:50 AM 127.1 852 8.37 26.85 281 21.2 
T11 7.00 21.0 Mon 10/13/14 8:30 AM 9:48 AM 126.9 845 8.46 26.43 268 21.4 
T12 7.00 28.0 Mon 10/20/14 8:30 AM 9:46 AM 126.2 832 8.43 26.50 323 21.5 
T13 7.00 35.0 Mon 10/27/14 8:30 AM 9:59 AM 125.8 818 8.46 26.76 264 20.7 
T14 7.00 42.0 Mon 11/3/14 8:30 AM 9:39 AM 125.2 800 8.49 26.33 232 20.7 
T15 7.00 49.0 Mon 11/10/14 8:30 AM 10:19 AM 124.8 842 8.47 26.13 258 20.6 
T16 14.00 63.0 Mon 11/24/14 8:30 AM 9:30 AM 124.0 890 8.47 25.16 280 20.6 







Replicate 3    Mass of Sample + Holder Final Mass 76.6 g 














































T01 0.08 0.08 Mon 9/22/14 10:30 AM 10:36 AM 129.5 828 8.14 25.90 273 22.1 
T02 0.21 0.29 Mon 9/22/14 3:27 PM 3:46 PM 129.5 848 8.19 26.30 270 21.4 
T03 0.71 1.00 Tue 9/23/14 8:30 AM 8:40 AM 129.4 848 8.34 26.50 300 21.4 
T04 1.00 2.0 Wed 9/24/14 8:30 AM 8:57 AM 129.4 858 8.40 26.29 197 21.7 
T05 1.00 3.0 Thurs 9/25/14 8:30 AM 8:53 AM 139.2 850 8.35 26.20 300 21.5 
T06 1.00 4.0 Fri 9/26/14 8:30 AM 8:45 AM 129.0 862 8.38 26.00 274 22.3 
T07 1.00 5.0 Sat 9/27/14 8:30 AM 8:38 AM 128.9 857 8.34 26.20 281 22.1 
T08 2.00 7.0 Mon 9/29/14 8:30 AM 9:02 AM 128.5 853 8.42 26.00 298 20.8 
T09 3.00 10.0 Thurs 10/2/14 8:30 AM 9:50 AM 128.0 862 8.43 26.20 296 21.4 
T10 4.00 14.0 Mon 10/6/14 8:30 AM 8:52 AM 127.8 850 8.37 26.92 282 21.2 
T11 7.00 21.0 Mon 10/13/14 8:30 AM 5:31 PM 127.2 840 8.50 26.38 266 21.3 
T12 7.00 28.0 Mon 10/20/14 8:30 AM 9:47 AM 126.8 865 8.44 26.20 326 21.5 
T13 7.00 35.0 Mon 10/27/14 8:30 AM 10:01 AM 126.4 840 8.43 26.93 258 20.7 
T14 7.00 42.0 Mon 11/3/14 8:30 AM 9:41 AM 125.8 810 8.48 26.28 237 20.8 
T15 7.00 49.0 Mon 11/10/14 8:30 AM 10:21 AM 125.4 840 8.33 25.72 266 20.6 
T16 14.00 63.0 Mon 11/24/14 8:30 AM 9:32 AM 125.0 840 8.50 26.30 281 20.8 









Replicate 1    Mass of Sample + Holder Final Mass 80.3 g 














































T01 0.08 0.08 Mon 9/22/14 10:30 AM 10:38 AM 130.6 828 8.04 1.45 278 22.2 
T02 0.21 0.29 Mon 9/22/14 3:27 PM 3:47 PM 130.7 848 8.15 1.68 277 21.5 
T03 0.71 1.00 Tue 9/23/14 8:30 AM 8:42 AM 130.7 840 8.26 2.09 265 21.6 
T04 1.00 2.0 Wed 9/24/14 8:30 AM 9:00 AM 130.7 845 9.38 2.14 210 21.8 
T05 1.00 3.0 Thurs 9/25/14 8:30 AM 8:54 AM 130.7 852 9.36 2.02 254 21.6 
T06 1.00 4.0 Fri 9/26/14 8:30 AM 8:47 AM 130.6 845 9.46 1.95 236 22.2 
T07 1.00 5.0 Sat 9/27/14 8:30 AM 8:40 AM 130.4 848 9.34 1.87 246 22 
T08 2.00 7.0 Mon 9/29/14 8:30 AM 9:04 AM 130.2 845 9.61 2.20 259 20.8 
T09 3.00 10.0 Thurs 10/2/14 8:30 AM 9:51 AM 129.9 845 9.68 2.29 248 21.4 
T10 4.00 14.0 Mon 10/6/14 8:30 AM 8:54 AM 129.5 835 9.81 2.32 245 21.2 
T11 7.00 21.0 Mon 10/13/14 8:30 AM 9:53 AM 129.1 845 10.05 2.39 136 21.3 
T12 7.00 28.0 Mon 10/20/14 8:30 AM 9:49 AM 129.6 848 10.21 2.44 243 21.6 
T13 7.00 35.0 Mon 10/27/14 8:30 AM 10:04 AM 128.5 840 10.17 2.51 194 20.7 
T14 7.00 42.0 Mon 11/3/14 8:30 AM 9:43 AM 128.2 846 10.09 2.74 191 20.6 
T15 7.00 49.0 Mon 11/10/14 8:30 AM 10:22 AM 127.8 842 10.20 2.25 211 20.6 
T16 14.00 63.0 Mon 11/24/14 8:30 AM 9:35 AM 127.1 830 10.36 2.49 196 20.9 








Replicate 2    Mass of Sample + Holder Final Mass 80.0 g 














































T01 0.08 0.08 Mon 9/22/14 10:30 AM 10:39 AM 130.5 830 7.75 1.43 287 22.2 
T02 0.21 0.29 Mon 9/22/14 3:27 PM 3:49 PM 130.4 850 8.27 1.70 285 21.5 
T03 0.71 1.00 Tue 9/23/14 8:30 AM 8:44 AM 130.6 840 9.21 2.12 262 21.5 
T04 1.00 2.0 Wed 9/24/14 8:30 AM 9:05 AM 132.0 850 9.43 2.17 222 21.8 
T05 1.00 3.0 Thurs 9/25/14 8:30 AM 10:56 AM 130.4 850 9.44 2.04 251 21.6 
T06 1.00 4.0 Fri 9/26/14 8:30 AM 8:49 AM 130.2 842 9.43 1.93 237 22.2 
T07 1.00 5.0 Sat 9/27/14 8:30 AM 8:41 AM 130.1 850 9.31 1.84 250 22 
T08 2.00 7.0 Mon 9/29/14 8:30 AM 9:05 AM 129.2 850 9.72 2.22 255 20.9 
T09 3.00 10.0 Thurs 10/2/14 8:30 AM 9:52 AM 129.6 850 9.78 2.35 244 21.4 
T10 4.00 14.0 Mon 10/6/14 8:30 AM 8:56 AM 129.0 833 9.90 2.41 234 21.3 
T11 7.00 21.0 Mon 10/13/14 8:30 AM 9:55 AM 128.7 850 10.08 2.51 186 21.4 
T12 7.00 28.0 Mon 10/20/14 8:30 AM 9:51 AM 128.1 845 10.17 2.52 245 21.7 
T13 7.00 35.0 Mon 10/27/14 8:30 AM 10:05 AM 127.6 850 10.14 2.44 196 20.7 
T14 7.00 42.0 Mon 11/3/14 8:30 AM 9:45 AM 127.3 846 10.16 2.40 189 20.7 
T15 7.00 49.0 Mon 11/10/14 8:30 AM 10:24 AM 126.8 845 10.10 2.25 215 20.6 
T16 14.00 63.0 Mon 11/24/14 8:30 AM 9:36 AM 126.0 840 10.20 2.56 216 20.9 







Replicate 3    Mass of Sample + Holder Final Mass 81.5 g 














































T01 0.08 0.08 Mon 9/22/14 10:30 AM 10:40 AM 132.9 825 7.64 1.37 287 22.2 
T02 0.21 0.29 Mon 9/22/14 3:27 PM 3:50 PM 132.9 838 8.24 1.66 287 21.5 
T03 0.71 1.00 Tue 9/23/14 8:30 AM 8:45 AM 133.1 840 9.24 2.04 266 21.4 
T04 1.00 2.0 Wed 9/24/14 8:30 AM 9:05 AM 132.8 845 9.46 2.10 218 21.7 
T05 1.00 3.0 Thurs 9/25/14 8:30 AM 8:58 AM 132.7 850 9.44 1.97 255 21.6 
T06 1.00 4.0 Fri 9/26/14 8:30 AM 8:50 AM 132.5 848 9.50 1.92 233 22.3 
T07 1.00 5.0 Sat 9/27/14 8:30 AM 8:44 AM 132.2 840 9.45 1.84 248 22.3 
T08 2.00 7.0 Mon 9/29/14 8:30 AM 9:07 AM 132.0 830 9.64 2.15 259 20.9 
T09 3.00 10.0 Thurs 10/2/14 8:30 AM 9:53 AM 131.7 845 9.71 2.30 251 21.4 
T10 4.00 14.0 Mon 10/6/14 8:30 AM 8:57 AM 131.3 828 9.75 2.31 234 21.3 
T11 7.00 21.0 Mon 10/13/14 8:30 AM 9:57 AM 130.8 850 9.96 2.44 184 21.4 
T12 7.00 28.0 Mon 10/20/14 8:30 AM 9:53 AM 130.4 830 9.92 2.41 251 21.5 
T13 7.00 35.0 Mon 10/27/14 8:30 AM 10:08 AM 129.9 840 10.03 2.40 193 20.8 
T14 7.00 42.0 Mon 11/3/14 8:30 AM 9:47 AM 129.7 848 10.03 2.30 189 20.7 
T15 7.00 49.0 Mon 11/10/14 8:30 AM 10:25 AM 129.2 845 10.00 2.20 212 20.6 
T16 14.00 63.0 Mon 11/24/14 8:30 AM 9:38 AM 128.6 840 10.02 2.45 229 20.9 







Composition: 80% fluorogypsum, 2% Portland type I/II cement, 18% class C fly ash 
Salinity: Saltwater 
 
Replicate 1    Mass of Sample + Holder Final Mass 84.0 g 














































T01 0.08 0.08 Mon 7/21/14 11:50 AM 12:06 PM 128.4 850 8.030 39.7  21.3 
T02 0.21 0.29 Mon 7/21/14 4:47 PM 4:59 PM 128.4 850 8.180   20.3 
T03 0.71 1.00 Tue 7/22/14 9:50 AM 9:50 AM 127.8 855 8.300 32.6  20.2 
T04 1.00 2.0 Wed 7/23/14 9:50 AM 9:49 AM 127.5 850 8.570 52.4  21.2 
T05 1.00 3.0 Thurs 7/24/14 9:50 AM 9:52 AM 127.2 850 8.310 48.7  20.7 
T06 1.00 4.0 Fri 7/25/14 9:50 AM 9:51 AM 126.8 838 8.290 48.1  20.6 
T07 1.00 5.0 Sat 7/26/14 9:50 AM 9:59 AM 126.4 830 8.270 43.7  20.7 
T08 2.00 7.0 Mon 7/28/14 9:50 AM 10:18 AM 126.1 846 8.310 44.6  21.5 
T09 3.00 10.0 Thurs 7/31/14 9:50 AM 10:13 AM 125.5 840 8.320 43.6  20.6 
T10 4.00 14.0 Mon 8/4/14 9:50 AM 10:22 AM 125.2 847 8.350 49.1  21.7 
T11 7.00 21.0 Mon 8/11/14 9:50 AM 10:15 AM 124.3 850 8.39 49.03 237 20.3 
T12 7.00 28.0 Mon 8/18/14 9:50 AM 10:54 AM 123.7 852 8.30 47.90 219 21.1 
T13 7.00 35.0 Mon 8/25/14 9:50 AM 11:31 AM 123.1 832 8.29 47.33 235 21.1 
T14 7.00 42.0 Mon 9/1/14 9:50 AM 11:40 AM 122.4 849 8.19 48.10 244 22.5 
T15 7.00 49.0 Mon 9/8/14 9:50 AM 11:14 AM 121.9 850 8.18 48.00 273 21.3 
T16 14.00 63.0 Mon 9/22/14 9:50 AM 9:17 AM 121.1 852 8.17 47.90 286 22.1 






Replicate 2    Mass of Sample + Holder Final Mass 81.1 g 














































T01 0.08 0.08 Mon 7/21/14 11:50 AM 124.7 850 8.10 42.90  21.2 124.7 
T02 0.21 0.29 Mon 7/21/14 4:47 PM 124.6 848 8.16 51.60  20.4 124.6 
T03 0.71 1.00 Tue 7/22/14 9:50 AM 124.2 850 8.32   20.5 124.2 
T04 1.00 2.0 Wed 7/23/14 9:50 AM 123.9 852 8.54 53.20  21.2 123.9 
T05 1.00 3.0 Thurs 7/24/14 9:50 AM 123.8 850 8.28 49.20  20.7 123.8 
T06 1.00 4.0 Fri 7/25/14 9:50 AM 123.3 840 8.27 48.20  20.6 123.3 
T07 1.00 5.0 Sat 7/26/14 9:50 AM 122.9 838 8.26 43.70  20.7 122.9 
T08 2.00 7.0 Mon 7/28/14 9:50 AM 122.5 845 8.30 45.00  21.9 122.5 
T09 3.00 10.0 Thurs 7/31/14 9:50 AM 122.1 840 8.30 43.40  20.4 122.1 
T10 4.00 14.0 Mon 8/4/14 9:50 AM 121.6 842 8.35 49.10  21.7 121.6 
T11 7.00 21.0 Mon 8/11/14 9:50 AM 120.9 842 8.37 49.08 237 20.4 120.9 
T12 7.00 28.0 Mon 8/18/14 9:50 AM 120.4 855 8.29 47.90 225 21.1 120.4 
T13 7.00 35.0 Mon 8/25/14 9:50 AM 119.6 848 8.29 47.33 242 21.3 119.6 
T14 7.00 42.0 Mon 9/1/14 9:50 AM 118.9 850 8.18 47.90 196 22.6 118.9 
T15 7.00 49.0 Mon 9/8/14 9:50 AM 118.7 850 8.16 48.10 265 21.2 118.7 
T16 14.00 63.0 Mon 9/22/14 9:50 AM 118.0 860 8.17 48.30 297 22.1 118.0 






Replicate 3    Mass of Sample + Holder Final Mass 82.1 g 














































T01 0.08 0.08 Mon 7/21/14 11:50 AM 12:09 PM 126.3 850 8.09    
T02 0.21 0.29 Mon 7/21/14 4:47 PM 5:04 PM 126.2 840 8.16   20.3 
T03 0.71 1.00 Tue 7/22/14 9:50 AM 9:54 AM 125.8 848 8.35 52.40  20.7 
T04 1.00 2.0 Wed 7/23/14 9:50 AM 9:54 AM 125.4 845 8.54 53.20  21.5 
T05 1.00 3.0 Thurs 7/24/14 9:50 AM 9:56 AM 125.1 848 8.30 49.10  20.7 
T06 1.00 4.0 Fri 7/25/14 9:50 AM 9:56 AM 124.7 835 8.25 48.30  20.8 
T07 1.00 5.0 Sat 7/26/14 9:50 AM 10:02 AM 124.3 840 8.27 43.80  20.9 
T08 2.00 7.0 Mon 7/28/14 9:50 AM 10:21 AM 123.9 850 8.31 44.70  21.9 
T09 3.00 10.0 Thurs 7/31/14 9:50 AM 10:16 AM 123.4 842 8.31 43.60  20.5 
T10 4.00 14.0 Mon 8/4/14 9:50 AM 10:25 AM 123.0 846 8.36 49.20  21.7 
T11 7.00 21.0 Mon 8/11/14 9:50 AM 10:17 AM 122.4 850 8.37 49.10 222 20.4 
T12 7.00 28.0 Mon 8/18/14 9:50 AM 10:57 AM 121.9 855 8.32 47.80 227 21.1 
T13 7.00 35.0 Mon 8/25/14 9:50 AM 11:35 AM 121.2 848 8.29 47.50 255 21.6 
T14 7.00 42.0 Mon 9/1/14 9:50 AM 11:44 AM 120.5 849 8.20 48.00 216 22.5 
T15 7.00 49.0 Mon 9/8/14 9:50 AM 11:16 AM 120.1 850 8.15 47.80 264 21.4 
T16 14.00 63.0 Mon 9/22/14 9:50 AM 9:20 AM 119.1 860 8.18 48.20 303 22.1 







Salinity: Brackish water 
 
Replicate 1    Mass of Sample + Holder Final Mass 81 g 














































T01 0.08 0.08 Mon 7/21/14 11:50 AM 12:10 PM 125.2 850 8.32 27.00  20.7 
T02 0.21 0.29 Mon 7/21/14 4:47 PM 5:05 PM 125.2 852 8.33 32.00  20.6 
T03 0.71 1.00 Tue 7/22/14 9:50 AM 9:56 AM 124.7 850 8.54 26.60  20.4 
T04 1.00 2.0 Wed 7/23/14 9:50 AM 9:55 AM 124.5 845 8.58 26.70  21.1 
T05 1.00 3.0 Thurs 7/24/14 9:50 AM 9:58 AM 124.0 848 8.59 26.70  20.7 
T06 1.00 4.0 Fri 7/25/14 9:50 AM 9:58 AM 123.7 848 8.55 26.20  21.8 
T07 1.00 5.0 Sat 7/26/14 9:50 AM 10:04 AM 123.3 838 8.57 23.60  20.4 
T08 2.00 7.0 Mon 7/28/14 9:50 AM 10:23 AM 122.9 865 8.61 24.30  21.9 
T09 3.00 10.0 Thurs 7/31/14 9:50 AM 10:18 AM 122.5 865 8.62 23.60  20.4 
T10 4.00 14.0 Mon 8/4/14 9:50 AM 10:26 AM 122.2 835 8.63 26.80  21.9 
T11 7.00 21.0 Mon 8/11/14 9:50 AM 10:19 AM 121.4 858 8.70 27.07 205 20.4 
T12 7.00 28.0 Mon 8/18/14 9:50 AM 10:59 AM 120.9 852 8.63 26.30 221 21.2 
T13 7.00 35.0 Mon 8/25/14 9:50 AM 11:37 AM 120.2 858 8.62 25.80 163 21.5 
T14 7.00 42.0 Mon 9/1/14 9:50 AM 11:45 AM 119.7 830 8.51 26.50 228 22.6 
T15 7.00 49.0 Mon 9/8/14 9:50 AM 11:18 AM 119.3 870 8.49 26.40 261 21.3 
T16 14.00 63.0 Mon 9/22/14 9:50 AM 9:22 AM 118.5 850 8.46 26.40 298 22.1 






Replicate 2    Mass of Sample + Holder Final Mass 79.4 g 














































T01 0.08 0.08 Mon 7/21/14 11:50 AM 12:14 PM 124.1 850 8.31 28.80  21.1 
T02 0.21 0.29 Mon 7/21/14 4:47 PM 5:07 PM 123.6 855 8.36 21.70  20.8 
T03 0.71 1.00 Tue 7/22/14 9:50 AM 9:58 AM 123.1 850 8.55 26.60  20.5 
T04 1.00 2.0 Wed 7/23/14 9:50 AM 9:57 AM 122.9 845 8.60 26.80  21.1 
T05 1.00 3.0 Thurs 7/24/14 9:50 AM 10:00 AM 122.5 848 8.59 26.50  20.6 
T06 1.00 4.0 Fri 7/25/14 9:50 AM 9:59 AM 122.2 850 8.53 26.30  20.6 
T07 1.00 5.0 Sat 7/26/14 9:50 AM 10:06 AM 121.8 860 8.55 23.90  20.7 
T08 2.00 7.0 Mon 7/28/14 9:50 AM 10:25 AM 121.4 862 8.61 24.40  21.8 
T09 3.00 10.0 Thurs 7/31/14 9:50 AM 10:20 AM 121.0 868 8.61 23.60  20.4 
T10 4.00 14.0 Mon 8/4/14 9:50 AM 10:28 AM 120.7 830 8.63 26.60  21.9 
T11 7.00 21.0 Mon 8/11/14 9:50 AM 10:20 AM 120.0 860 8.68 26.96 228 20.4 
T12 7.00 28.0 Mon 8/18/14 9:50 AM 11:00 AM 119.3 848 8.61 26.40 225 21.2 
T13 7.00 35.0 Mon 8/25/14 9:50 AM 11:39 AM 119.1 845 8.57 25.90 167 21.3 
T14 7.00 42.0 Mon 9/1/14 9:50 AM 11:47 AM 118.3 840 8.50 26.20 233 22.7 
T15 7.00 49.0 Mon 9/8/14 9:50 AM 11:19 AM 117.9 872 8.45 26.10 265 21.3 
T16 14.00 63.0 Mon 9/22/14 9:50 AM 9:24 AM 117.1 858 8.45 26.10 303 22.2 







Replicate 3    Mass of Sample + Holder Final Mass 80.1 g 














































T01 0.08 0.08 Mon 7/21/14 11:50 AM 12:16 PM 125.3 850 8.29 29.00  21.2 
T02 0.21 0.29 Mon 7/21/14 4:47 PM 5:08 PM 125.1 855 8.38 30.90  21 
T03 0.71 1.00 Tue 7/22/14 9:50 AM 10:00 AM 124.8 853 8.57 26.60  20.6 
T04 1.00 2.0 Wed 7/23/14 9:50 AM 9:59 AM 124.5 850 8.62 26.80  20.7 
T05 1.00 3.0 Thurs 7/24/14 9:50 AM 10:02 AM 124.1 848 8.60 26.70  20.8 
T06 1.00 4.0 Fri 7/25/14 9:50 AM 10:01 AM 123.8 850 8.55 26.60  20.7 
T07 1.00 5.0 Sat 7/26/14 9:50 AM 10:07 AM 123.5 875 8.59 23.50  20.8 
T08 2.00 7.0 Mon 7/28/14 9:50 AM 10:27 AM 123.0 868 8.61 24.50  22 
T09 3.00 10.0 Thurs 7/31/14 9:50 AM 10:21 AM 122.5 878 8.64 23.60  20.5 
T10 4.00 14.0 Mon 8/4/14 9:50 AM 10:29 AM 122.1 828 8.67 26.60  21.7 
T11 7.00 21.0 Mon 8/11/14 9:50 AM 10:22 AM 121.2 878 8.75 26.82 231 20.5 
T12 7.00 28.0 Mon 8/18/14 9:50 AM 11:02 AM 120.7 842 8.68 26.30 228 21.1 
T13 7.00 35.0 Mon 8/25/14 9:50 AM 11:40 AM 120.2 858 8.64 25.87 214 21.9 
T14 7.00 42.0 Mon 9/1/14 9:50 AM 11:48 AM 119.5 832 8.53 26.10 238 22.5 
T15 7.00 49.0 Mon 9/8/14 9:50 AM 11:20 AM 119.0 870 8.51 26.10 269 21.5 
T16 14.00 63.0 Mon 9/22/14 9:50 AM 9:26 AM 118.1 860 8.55 26.20 298 22.1 









Replicate 1    Mass of Sample + Holder Final Mass 81.5 g 














































T01 0.08 0.08 Mon 7/21/14 11:50 AM 12:18 PM 124.4 845 8.48 2.13  21 
T02 0.21 0.29 Mon 7/21/14 4:47 PM 5:09 PM 124.3 848 8.89 2.46  20.8 
T03 0.71 1.00 Tue 7/22/14 9:50 AM 10:01 AM 124.2 848 9.34 1.79  20.4 
T04 1.00 2.0 Wed 7/23/14 9:50 AM 10:02 AM 124.1 842 9.37 1.78  21.2 
T05 1.00 3.0 Thurs 7/24/14 9:50 AM 10:04 AM 123.8 848 9.55 1.65  20.7 
T06 1.00 4.0 Fri 7/25/14 9:50 AM 10:03 AM 123.6 850 8.43 1.78  20.6 
T07 1.00 5.0 Sat 7/26/14 9:50 AM 10:09 AM 123.5 845 8.56 1.61  20.7 
T08 2.00 7.0 Mon 7/28/14 9:50 AM 10:28 AM 122.9 850 9.68 1.93  22.2 
T09 3.00 10.0 Thurs 7/31/14 9:50 AM 10:23 AM 122.7 845 9.81 1.88  20.5 
T10 4.00 14.0 Mon 8/4/14 9:50 AM 10:31 AM 122.5 852 9.90 2.23  21.9 
T11 7.00 21.0 Mon 8/11/14 9:50 AM 10:23 AM 122.4 848 10.14 2.37 177 20.4 
T12 7.00 28.0 Mon 8/18/14 9:50 AM 11:03 AM 121.7 848 10.11 2.24 178 21.3 
T13 7.00 35.0 Mon 8/25/14 9:50 AM 11:43 AM 121.1 845 10.01 2.25 174 21.5 
T14 7.00 42.0 Mon 9/1/14 9:50 AM 11:50 AM 120.6 850 10.13 2.24 174 22.7 
T15 7.00 49.0 Mon 9/8/14 9:50 AM 11:22 AM 120.4 850 10.20 2.19 200 21.5 
T16 14.00 63.0 Mon 9/22/14 9:50 AM 9:28 AM 119.9 841 10.27 2.44 227 22 








Replicate 2    Mass of Sample + Holder Final Mass 81.8 g 














































T01 0.08 0.08 Mon 7/21/14 11:50 AM 12:19 PM 125.3 845 8.52 2.14  21.1 
T02 0.21 0.29 Mon 7/21/14 4:47 PM 5:11 PM 125.1 850 8.74 2.43  20.8 
T03 0.71 1.00 Tue 7/22/14 9:50 AM 10:03 AM 124.9 848 9.40 1.75  20.5 
T04 1.00 2.0 Wed 7/23/14 9:50 AM 10:04 AM 124.8 842 9.47 1.81  21.2 
T05 1.00 3.0 Thurs 7/24/14 9:50 AM 10:06 AM 124.5 848 9.71 1.69  20.8 
T06 1.00 4.0 Fri 7/25/14 9:50 AM 10:04 AM 124.2 848 9.58 1.67  20.6 
T07 1.00 5.0 Sat 7/26/14 9:50 AM 10:10 AM 123.9 845 9.63 1.65  20.7 
T08 2.00 7.0 Mon 7/28/14 9:50 AM 10:30 AM 123.6 852 9.69 1.91  21.9 
T09 3.00 10.0 Thurs 7/31/14 9:50 AM 10:24 AM 123.2 845 9.86 1.92  20.5 
T10 4.00 14.0 Mon 8/4/14 9:50 AM 10:33 AM 123.0 852 9.95 2.31  21.9 
T11 7.00 21.0 Mon 8/11/14 9:50 AM 10:25 AM 122.7 855 10.16 2.42 189 20.5 
T12 7.00 28.0 Mon 8/18/14 9:50 AM 11:05 AM 122.1 845 10.14 2.37 170 21.3 
T13 7.00 35.0 Mon 8/25/14 9:50 AM 11:45 AM 121.6 845 10.21 2.01 174 21.5 
T14 7.00 42.0 Mon 9/1/14 9:50 AM 11:51 AM 121.0 832 10.16 2.34 176 22.7 
T15 7.00 49.0 Mon 9/8/14 9:50 AM 11:23 AM 120.7 848 10.21 2.26 207 21.4 
T16 14.00 63.0 Mon 9/22/14 9:50 AM 9:30 AM 120.2 845 10.28 2.55 220 22.2 







Replicate 3    Mass of Sample + Holder Final Mass 79.8 g 














































T01 0.08 0.08 Mon 7/21/14 11:50 AM 12:21 PM 123.5 840 8.29 2.21  21.1 
T02 0.21 0.29 Mon 7/21/14 4:47 PM 5:21 PM 123.5 850 8.79 2.50  20.9 
T03 0.71 1.00 Tue 7/22/14 9:50 AM 10:04 AM 123.3 845 9.43 1.79  20.6 
T04 1.00 2.0 Wed 7/23/14 9:50 AM 10:07 AM 123.1 842 9.48 1.84  21.1 
T05 1.00 3.0 Thurs 7/24/14 9:50 AM 10:07 AM 122.7 848 9.71 1.69  20.4 
T06 1.00 4.0 Fri 7/25/14 9:50 AM 10:06 AM 122.6 850 9.63 1.57  20.7 
T07 1.00 5.0 Sat 7/26/14 9:50 AM 10:12 AM 122.2 845 9.67 1.63  20.8 
T08 2.00 7.0 Mon 7/28/14 9:50 AM 10:31 AM 121.8 850 9.77 1.93  21.8 
T09 3.00 10.0 Thurs 7/31/14 9:50 AM 10:25 AM 121.4 845 9.90 1.96  20.6 
T10 4.00 14.0 Mon 8/4/14 9:50 AM 10:34 AM 121.1 850 9.97 2.32  21.9 
T11 7.00 21.0 Mon 8/11/14 9:50 AM 10:26 AM 121.0 845 10.15 2.48 190 20.6 
T12 7.00 28.0 Mon 8/18/14 9:50 AM 11:06 AM 120.3 842 10.14 2.41 173 21.1 
T13 7.00 35.0 Mon 8/25/14 9:50 AM 11:47 AM 119.9 845 10.16 2.36 175 21.5 
T14 7.00 42.0 Mon 9/1/14 9:50 AM 11:53 AM 119.3 829 10.14 2.34 185 22.6 
T15 7.00 49.0 Mon 9/8/14 9:50 AM 11:24 AM 118.9 848 10.20 2.24 218 21.6 
T16 14.00 63.0 Mon 9/22/14 9:50 AM 9:32 AM 118.4 841 10.28 2.54 215 22.1 







Composition: 70% fluorogypsum, 10% Portland type I/II cement, 20% class C fly ash 
Salinity: Saltwater 
 
Replicate 1    Mass of Sample + Holder Final Mass 93.2 g 














































T01 0.08 0.08 Mon 8/4/14 11:15 AM 11:46 AM 132.3 848 8.120 48.20 262 21 
T02 0.21 0.29 Mon 8/4/14 4:12 PM 4:19 PM 132.4 850 8.190 48.70 262 20.9 
T03 0.71 1.00 Tue 8/5/14 9:15 AM 9:19 AM 132.2 845 8.470 48.60 250 20.9 
T04 1.00 2.0 Wed 8/6/14 9:15 AM 9:26 AM 132.2 850 8.450 47.80 256 20.7 
T05 1.00 3.0 Thurs 8/7/14 9:15 AM 9:28 AM 132.1 840 8.420 47.70 257 19.8 
T06 1.00 4.0 Fri 8/8/14 9:15 AM 9:26 AM 131.9 840 8.390 47.80 257 19.5 
T07 1.00 5.0 Sat 8/9/14 9:15 AM 2:54 PM 131.7 840 8.330 47.30 264 19.5 
T08 2.00 7.0 Mon 8/11/14 9:15 AM 10:33 AM 131.6 848 8.390 47.60 208 20.2 
T09 3.00 10.0 Thurs 8/14/14 9:15 AM 9:33 AM 131.7 855 8.430 47.50 248 21.6 
T10 4.00 14.0 Mon 8/18/14 9:15 AM 10:01 AM 132.3 858 8.500 46.60 238 21 
T11 7.00 21.0 Mon 8/25/14 9:15 AM 10:29 AM 133.6 850 8.52 47.00 242 21.2 
T12 7.00 28.0 Mon 9/1/14 9:15 AM 10:08 AM 134.9 842 8.44 47.30 242 22.5 
T13 7.00 35.0 Mon 9/8/14 9:15 AM 9:42 AM 136.3 850 8.44 48.10 206 21 
T14 7.00 42.0 Mon 9/15/14 9:15 AM 9:15 AM 136.9 860 8.37 47.50 265 21.8 
T15 7.00 49.0 Mon 9/22/14 9:15 AM 9:00 AM 137.1 840 8.40 48.30 271 21.7 
T16 14.00 63.0 Mon 10/6/14 9:15 AM 9:35 AM 137.3 849 8.35 48.40 298 21.2 








Replicate 2    Mass of Sample + Holder Final Mass 95.0 g 














































T01 0.08 0.08 Mon 8/4/14 11:15 AM 11:49 AM 133.3 843 8.10 47.65 214 20.7 
T02 0.21 0.29 Mon 8/4/14 4:12 PM 4:21 PM 133.3 850 8.16 48.40 216 21.1 
T03 0.71 1.00 Tue 8/5/14 9:15 AM 9:20 AM 133.3 850 8.38 48.60 256 21.3 
T04 1.00 2.0 Wed 8/6/14 9:15 AM 9:28 AM 133.2 842 8.41 47.60 258 20.7 
T05 1.00 3.0 Thurs 8/7/14 9:15 AM 9:29 AM 133.3 840 8.39 47.70 263 19.8 
T06 1.00 4.0 Fri 8/8/14 9:15 AM 9:29 AM 133.1 840 8.35 47.70 268 19.5 
T07 1.00 5.0 Sat 8/9/14 9:15 AM 9:36 AM 133.1 840 8.30 47.20 236 19.6 
T08 2.00 7.0 Mon 8/11/14 9:15 AM 10:35 AM 133.1 845 8.36 47.50 209 20.3 
T09 3.00 10.0 Thurs 8/14/14 9:15 AM 9:36 AM 133.3 850 8.36 47.40 272 22 
T10 4.00 14.0 Mon 8/18/14 9:15 AM 10:02 AM 133.9 850 8.47 46.50 195 21.2 
T11 7.00 21.0 Mon 8/25/14 9:15 AM 10:32 AM 135.3 850 8.50 46.90 225 20.9 
T12 7.00 28.0 Mon 9/1/14 9:15 AM 10:11 AM 136.7 842 8.40 47.40 235 22.6 
T13 7.00 35.0 Mon 9/8/14 9:15 AM 9:44 AM 137.8 850 8.40 48.00 167 21 
T14 7.00 42.0 Mon 9/15/14 9:15 AM 9:17 AM 138.2 862 8.31 47.70 277 21.8 
T15 7.00 49.0 Mon 9/22/14 9:15 AM 9:01 AM 138.6 845 8.42 48.10 262 21.6 
T16 14.00 63.0 Mon 10/6/14 9:15 AM 9:37 AM 138.9 840 8.42 48.90 256 21.2 






Replicate 3    Mass of Sample + Holder Final Mass 93.5 g 














































T01 0.08 0.08 Mon 8/4/14 11:15 AM 11:50 AM 132.4 830 8.12 48.30 266 21.4 
T02 0.21 0.29 Mon 8/4/14 4:12 PM 4:22 PM 132.4 845 8.21 48.40 275 21.3 
T03 0.71 1.00 Tue 8/5/14 9:15 AM 9:22 AM 132.3 848 8.44 48.80 216 21.5 
T04 1.00 2.0 Wed 8/6/14 9:15 AM 9:29 AM 131.9 840 8.46 47.70 260 20.8 
T05 1.00 3.0 Thurs 8/7/14 9:15 AM 9:31 AM 131.7 843 8.43 47.70 267 19.9 
T06 1.00 4.0 Fri 8/8/14 9:15 AM 9:31 AM 131.5 840 8.39 47.70 270 19.6 
T07 1.00 5.0 Sat 8/9/14 9:15 AM 9:38 AM 131.5 840 8.34 47.40 165 19.7 
T08 2.00 7.0 Mon 8/11/14 9:15 AM 10:31 AM 131.6 845 8.39 47.50 217 20.3 
T09 3.00 10.0 Thurs 8/14/14 9:15 AM 9:38 AM 131.6 850 8.42 47.50 275 21.9 
T10 4.00 14.0 Mon 8/18/14 9:15 AM 10:04 AM 132.0 858 8.47 46.60 196 21.2 
T11 7.00 21.0 Mon 8/25/14 9:15 AM 10:34 AM 133.4 848 8.52 46.80 233 21.2 
T12 7.00 28.0 Mon 9/1/14 9:15 AM 10:12 AM 134.9 842 8.42 48.00 234 22.7 
T13 7.00 35.0 Mon 9/8/14 9:15 AM 9:46 AM 136.2 850 8.33 48.25 170 21 
T14 7.00 42.0 Mon 9/15/14 9:15 AM 9:19 AM 136.9 860 8.37 48.00 277 21.8 
T15 7.00 49.0 Mon 9/22/14 9:15 AM 9:03 AM 137.0 840 8.38 48.10 264 21.9 
T16 14.00 63.0 Mon 10/6/14 9:15 AM 9:39 AM 137.8 845 8.35 48.90 274 21.1 







Salinity: Brackish water 
 
Replicate 1    Mass of Sample + Holder Final Mass 92.4 g 














































T01 0.08 0.08 Mon 8/4/14 11:15 AM 11:52 AM 131.9 840 8.35 25.92 273 20.6 
T02 0.21 0.29 Mon 8/4/14 4:12 PM 4:24 PM 131.8 860 8.45 26.20 270 21.1 
T03 0.71 1.00 Tue 8/5/14 9:15 AM 9:24 AM 131.7 860 8.69 26.30 216 21.3 
T04 1.00 2.0 Wed 8/6/14 9:15 AM 9:31 AM 131.7 860 8.72 25.90 250 21 
T05 1.00 3.0 Thurs 8/7/14 9:15 AM 9:33 AM 131.5 860 8.70 25.80 263 20.1 
T06 1.00 4.0 Fri 8/8/14 9:15 AM 9:32 AM 131.3 857 8.70 25.90 260 19.8 
T07 1.00 5.0 Sat 8/9/14 9:15 AM 9:40 AM 131.3 850 8.71 25.90 134 20.4 
T08 2.00 7.0 Mon 8/11/14 9:15 AM 10:37 AM 131.3 855 8.71 25.80 250 21.9 
T09 3.00 10.0 Thurs 8/14/14 9:15 AM 9:40 AM 131.4 845     
T10 4.00 14.0 Mon 8/18/14 9:15 AM 10:05 AM 131.8 848 8.77 25.50 187 21.1 
T11 7.00 21.0 Mon 8/25/14 9:15 AM 10:35 AM 132.8 852 8.71 25.70 243 21.4 
T12 7.00 28.0 Mon 9/1/14 9:15 AM 10:14 AM 133.1 840 8.63 25.80 226 22.3 
T13 7.00 35.0 Mon 9/8/14 9:15 AM 9:47 AM 134.0 865 8.63 26.00 214 20.9 
T14 7.00 42.0 Mon 9/15/14 9:15 AM 9:21 AM 134.3 858 8.42 26.10 228 21.9 
T15 7.00 49.0 Mon 9/22/14 9:15 AM 9:04 AM 134.4 868 8.50 25.90 265 21.7 
T16 14.00 63.0 Mon 10/6/14 9:15 AM 9:41 AM 134.6 840 8.49 26.40 273 21.3 






Replicate 2    Mass of Sample + Holder Final Mass 96.3 g 














































T01 0.08 0.08 Mon 8/4/14 11:15 AM 11:54 AM 134.2 850 8.35 25.70 241 20.5 
T02 0.21 0.29 Mon 8/4/14 4:12 PM 4:25 PM 134.3 860 8.45 26.60 276 21.2 
T03 0.71 1.00 Tue 8/5/14 9:15 AM 9:26 AM 134.1 850 8.72 26.50 226 21.3 
T04 1.00 2.0 Wed 8/6/14 9:15 AM 9:32 AM 133.8 845 8.72 26.60 261 20.9 
T05 1.00 3.0 Thurs 8/7/14 9:15 AM 9:34 AM 133.9 850 8.72 25.90 270 20.1 
T06 1.00 4.0 Fri 8/8/14 9:15 AM 9:34 AM 133.7 850 8.70 25.80 235 19.8 
T07 1.00 5.0 Sat 8/9/14 9:15 AM 9:42 AM 133.6 850 8.65 25.50 222 19.9 
T08 2.00 7.0 Mon 8/11/14 9:15 AM 10:39 AM 133.7 855 8.73 25.80 205 20.3 
T09 3.00 10.0 Thurs 8/14/14 9:15 AM 9:41 AM 133.6 848 8.73 25.70 250 22 
T10 4.00 14.0 Mon 8/18/14 9:15 AM 10:02 AM 134.2 840 8.28 25.30 195 21.2 
T11 7.00 21.0 Mon 8/25/14 9:15 AM 10:37 AM 134.8 860 8.80 25.80 238 21.4 
T12 7.00 28.0 Mon 9/1/14 9:15 AM 10:15 AM 135.6 840 8.66 26.10 224 22.5 
T13 7.00 35.0 Mon 9/8/14 9:15 AM 9:49 AM 136.4 865 8.59 26.30 225 20.9 
T14 7.00 42.0 Mon 9/15/14 9:15 AM 9:22 AM 136.7 860 8.46 25.90 283 22 
T15 7.00 49.0 Mon 9/22/14 9:15 AM 9:06 AM 136.7 868 8.49 26.30 268 21.9 
T16 14.00 63.0 Mon 10/6/14 9:15 AM 9:42 AM 137.0 845 8.46 26.60 290 21.3 







Replicate 3    Mass of Sample + Holder Final Mass 91.0 g 














































T01 0.08 0.08 Mon 8/4/14 11:15 AM 11:55 AM 131.5 850 8.36 25.65 258 20.6 
T02 0.21 0.29 Mon 8/4/14 4:12 PM 4:27 PM 131.4 870 8.48 26.20 276 21.4 
T03 0.71 1.00 Tue 8/5/14 9:15 AM 9:28 AM 131.2 852 8.70 26.40 224 21.6 
T04 1.00 2.0 Wed 8/6/14 9:15 AM 9:34 AM 131.2 852 8.76 26.10 258 21.1 
T05 1.00 3.0 Thurs 8/7/14 9:15 AM 9:36 AM 131.0 858 8.72 25.80 270 20.1 
T06 1.00 4.0 Fri 8/8/14 9:15 AM 9:36 AM 130.9 853 8.73 25.90 255 19.9 
T07 1.00 5.0 Sat 8/9/14 9:15 AM 9:44 AM 130.9 850 8.64 25.60 237 19.9 
T08 2.00 7.0 Mon 8/11/14 9:15 AM 10:41 AM 131.0 845 8.73 25.80 207 20.4 
T09 3.00 10.0 Thurs 8/14/14 9:15 AM 9:43 AM 131.1 845 8.77 25.70 259 22.1 
T10 4.00 14.0 Mon 8/18/14 9:15 AM 10:09 AM 131.2 845 8.85 25.30 195 21.2 
T11 7.00 21.0 Mon 8/25/14 9:15 AM 10:39 AM 132.0 860 8.84 25.80 239 21.5 
T12 7.00 28.0 Mon 9/1/14 9:15 AM 10:17 AM 132.7 840 8.73 26.20 231 22.6 
T13 7.00 35.0 Mon 9/8/14 9:15 AM 9:50 AM 133.3 870 8.70 26.24 209 20.8 
T14 7.00 42.0 Mon 9/15/14 9:15 AM 9:24 AM 133.2 855 8.63 26.10 281 21.9 
T15 7.00 49.0 Mon 9/22/14 9:15 AM 9:08 AM 132.9 870 8.67 26.30 258 21.9 
T16 14.00 63.0 Mon 10/6/14 9:15 AM 9:44 AM 132.2 845 8.63 26.80 292 21.2 









Replicate 1    Mass of Sample + Holder Final Mass 101.2 g 














































T01 0.08 0.08 Mon 8/4/14 11:15 AM 11:57 AM 133.3 840 9.38 1.39 212 20.6 
T02 0.21 0.29 Mon 8/4/14 4:12 PM 4:29 PM 133.2 850 9.67 1.46 197 21.3 
T03 0.71 1.00 Tue 8/5/14 9:15 AM 9:30 AM 133.4 845 10.11 1.84 157 21.4 
T04 1.00 2.0 Wed 8/6/14 9:15 AM 9:36 AM 133.4 848 10.24 1.77 169 21.4 
T05 1.00 3.0 Thurs 8/7/14 9:15 AM 9:38 AM 133.4 850 10.30 1.58 179 20.41 
T06 1.00 4.0 Fri 8/8/14 9:15 AM 9:03 AM 133.4 850 10.32 1.45 174 20 
T07 1.00 5.0 Sat 8/9/14 9:15 AM 9:45 AM 133.4 850 10.33 1.36 167 20.1 
T08 2.00 7.0 Mon 8/11/14 9:15 AM 10:43 AM 133.8 850 10.54 1.44 163 20.4 
T09 3.00 10.0 Thurs 8/14/14 9:15 AM 9:45 AM 134.0 850 10.57 1.42 145 22 
T10 4.00 14.0 Mon 8/18/14 9:15 AM 10:10 AM 134.7 843 10.73 1.44 121  
T11 7.00 21.0 Mon 8/25/14 9:15 AM 10:40 AM 135.5 848 10.87 1.53 137 21.7 
T12 7.00 28.0 Mon 9/1/14 9:15 AM 10:18 AM 136.2 835 10.86 1.57 138 22.3 
T13 7.00 35.0 Mon 9/8/14 9:15 AM 9:52 AM 137.0 845 10.90 1.61 110 20.9 
T14 7.00 42.0 Mon 9/15/14 9:15 AM 9:26 AM 137.4 848 10.78 1.61 187 22 
T15 7.00 49.0 Mon 9/22/14 9:15 AM 9:09 AM 137.3 848 10.20 1.60 237 21.7 
T16 14.00 63.0 Mon 10/6/14 9:15 AM 9:46 AM 137.8 850 10.62 1.84 200 21.3 








Replicate 2    Mass of Sample + Holder Final Mass 102.2 g 














































T01 0.08 0.08 Mon 8/4/14 11:15 AM 11:58 AM 134.4 842 9.47 1.43 213 20.5 
T02 0.21 0.29 Mon 8/4/14 4:12 PM 4:31 PM 134.3 848 9.82 1.51 1982 21.4 
T03 0.71 1.00 Tue 8/5/14 9:15 AM 9:31 AM 134.3 845 10.22 1.96 155 21.4 
T04 1.00 2.0 Wed 8/6/14 9:15 AM 9:37 AM 134.2 852 10.30 1.89 168 21.4 
T05 1.00 3.0 Thurs 8/7/14 9:15 AM 9:41 AM 134.2 848 10.36 1.65 174 20.3 
T06 1.00 4.0 Fri 8/8/14 9:15 AM 9:40 AM 134.2 847 10.41 1.16 170 20.1 
T07 1.00 5.0 Sat 8/9/14 9:15 AM 9:47 AM 134.2 850 10.41 1.37 170 19.4 
T08 2.00 7.0 Mon 8/11/14 9:15 AM 10:44 AM 134.5 855 10.58 1.45 140 20.4 
T09 3.00 10.0 Thurs 8/14/14 9:15 AM 9:47 AM 134.7 850 10.67 1.46 159 22 
T10 4.00 14.0 Mon 8/18/14 9:15 AM 10:12 AM 135.2 845 10.72 1.46 121 21.2 
T11 7.00 21.0 Mon 8/25/14 9:15 AM 10:42 AM 135.8 848 10.96 1.58 125 21.7 
T12 7.00 28.0 Mon 9/1/14 9:15 AM 10:20 AM 136.6 832 10.92 1.55 141 22.5 
T13 7.00 35.0 Mon 9/8/14 9:15 AM 9:54 AM 137.4 848 10.94 1.59 123 20.9 
T14 7.00 42.0 Mon 9/15/14 9:15 AM 9:27 AM 137.8 850 10.85 1.62 176 22.1 
T15 7.00 49.0 Mon 9/22/14 9:15 AM 9:11 AM 138.1 848 10.81 1.63 147 22.1 
T16 14.00 63.0 Mon 10/6/14 9:15 AM 9:48 AM 138.2 850 10.91 1.92 183 21.4 







Replicate 3    Mass of Sample + Holder Final Mass 100.0 g 














































T01 0.08 0.08 Mon 8/4/14 11:15 AM 12:00 PM 133.4 840 9.46 1.38 205 22.8 
T02 0.21 0.29 Mon 8/4/14 4:12 PM 4:33 PM 133.1 845 9.88 1.41 1983 21.5 
T03 0.71 1.00 Tue 8/5/14 9:15 AM 9:33 AM 133.1 840 10.32 1.87 156 21.5 
T04 1.00 2.0 Wed 8/6/14 9:15 AM 9:39 AM 133.1 848 10.40 1.74 170 21.5 
T05 1.00 3.0 Thurs 8/7/14 9:15 AM 9:42 AM 133.2 850 10.45 1.53 172 20.2 
T06 1.00 4.0 Fri 8/8/14 9:15 AM 9:43 AM 133.2 850 10.45 1.42 175 20 
T07 1.00 5.0 Sat 8/9/14 9:15 AM 9:49 AM 133.3 845 10.44 1.36 172 20 
T08 2.00 7.0 Mon 8/11/14 9:15 AM 10:46 AM 133.3 850 10.64 1.47 145 20.4 
T09 3.00 10.0 Thurs 8/14/14 9:15 AM 9:49 AM 134.0 850 10.69 1.51 158 22 
T10 4.00 14.0 Mon 8/18/14 9:15 AM 10:13 AM 134.4 845 10.83 1.51 122 21.2 
T11 7.00 21.0 Mon 8/25/14 9:15 AM 10:44 AM 135.3 845 10.97 1.63 124 21.7 
T12 7.00 28.0 Mon 9/1/14 9:15 AM 10:22 AM 135.7 830 10.92 1.65 136 22.5 
T13 7.00 35.0 Mon 9/8/14 9:15 AM 9:55 AM 136.6 848 10.50 1.66 121 20.9 
T14 7.00 42.0 Mon 9/15/14 9:15 AM 9:29 AM 136.7 848 10.87 1.70 176 22.1 
T15 7.00 49.0 Mon 9/22/14 9:15 AM 9:12 AM 137.1 845 10.85 1.68 141 22 
T16 14.00 63.0 Mon 10/6/14 9:15 AM 9:50 AM 137.3 840 10.93 1.99 183 21.3 







Composition: 70% fluorogypsum, 6% Portland type I/II cement, 24% class C fly ash 
Salinity: Saltwater 
 
Replicate 1    Mass of Sample + Holder Final Mass 87.6 g 














































T01 0.08 0.08 Mon 9/22/14 10:35 AM 10:43 AM 137.1 850 8.05 48.30 268 21.8 
T02 0.21 0.29 Mon 9/22/14 3:32 PM 3:53 PM 137.2 850 8.11 48.30 299 21.5 
T03 0.71 1.00 Tue 9/23/14 8:35 AM 8:49 AM 137.0 840 8.19 48.20 314 21.5 
T04 1.00 2.0 Wed 9/24/14 8:35 AM 9:08 AM 137.2 848 8.23 48.15 267 21.7 
T05 1.00 3.0 Thurs 9/25/14 8:35 AM 9:01 AM 136.7 850 8.14 48.00 309 21.8 
T06 1.00 4.0 Fri 9/26/14 8:35 AM 8:53 AM 137.7 860 8.17 47.15 270 21.5 
T07 1.00 5.0 Sat 9/27/14 8:35 AM 8:47 AM 136.5 835 8.16 47.80 289 21.7 
T08 2.00 7.0 Mon 9/29/14 8:35 AM 9:10 AM 136.5 844 8.24 47.70 288 20.8 
T09 3.00 10.0 Thurs 10/2/14 8:35 AM 10:02 AM 136.2 850 8.26 47.90 294 21.3 
T10 4.00 14.0 Mon 10/6/14 8:35 AM 9:00 AM 135.9 850 8.19 48.90 267 21.3 
T11 7.00 21.0 Mon 10/13/14 8:35 AM 10:01 AM 135.6 845 8.32 47.79 242 21.5 
T12 7.00 28.0 Mon 10/20/14 8:35 AM 9:56 AM 135.1 842 8.21 48.10 283 21.5 
T13 7.00 35.0 Mon 10/27/14 8:35 AM 10:12 AM 135.1 840 8.29 48.79 243 20.8 
T14 7.00 42.0 Mon 11/3/14 8:35 AM 9:51 AM 134.4 838 8.30 47.38 216 20.5 
T15 7.00 49.0 Mon 11/10/14 8:35 AM 10:29 AM 133.9 845 8.26 47.96 260 20.6 
T16 14.00 63.0 Mon 11/24/14 8:35 AM 9:43 AM 133.5 842 8.34 47.70 292 20.9 






Replicate 2    Mass of Sample + Holder Final Mass 89.1 g 














































T01 0.08 0.08 Mon 9/22/14 10:35 AM 10:44 AM 139.0 830 8.05 48.50 227 21.8 
T02 0.21 0.29 Mon 9/22/14 3:32 PM 3:54 PM 139.0 850 8.11 48.40 300 21.5 
T03 0.71 1.00 Tue 9/23/14 8:35 AM 8:50 AM 138.8 840 8.27 48.30 314 21.6 
T04 1.00 2.0 Wed 9/24/14 8:35 AM 9:11 AM 138.6 850 8.26 48.60 253 21.7 
T05 1.00 3.0 Thurs 9/25/14 8:35 AM 9:03 AM 138.3 845 8.14 48.05 311 21.7 
T06 1.00 4.0 Fri 9/26/14 8:35 AM 8:55 AM 138.1 862 8.22 47.45 274 21.5 
T07 1.00 5.0 Sat 9/27/14 8:35 AM 8:49 AM 137.9 845 8.19 47.40 300 21.7 
T08 2.00 7.0 Mon 9/29/14 8:35 AM 9:11 AM 137.6 842 8.23 47.80 307 20.8 
T09 3.00 10.0 Thurs 10/2/14 8:35 AM 10:03 AM 137.2 850 8.26 47.90 304 21.3 
T10 4.00 14.0 Mon 10/6/14 8:35 AM 9:02 AM 136.7 852 8.20 48.95 260 21.2 
T11 7.00 21.0 Mon 10/13/14 8:35 AM 10:03 AM 136.2 850 8.31 48.21 251 21.6 
T12 7.00 28.0 Mon 10/20/14 8:35 AM 9:58 AM 135.9 850 8.27 48.00 294 21.5 
T13 7.00 35.0 Mon 10/27/14 8:35 AM 10:13 AM 135.5 848 8.28 48.55 249 20.9 
T14 7.00 42.0 Mon 11/3/14 8:35 AM 9:53 AM 135.0 845 8.28 47.66 220 20.7 
T15 7.00 49.0 Mon 11/10/14 8:35 AM 10:30 AM 134.5 842 8.22 47.44 261 20.6 
T16 14.00 63.0 Mon 11/24/14 8:35 AM 9:45 AM 133.9 848 8.32 47.82 300 20.9 






Replicate 3    Mass of Sample + Holder Final Mass 88.8 g 














































T01 0.08 0.08 Mon 9/22/14 10:35 AM 10:45 AM 139.0 840 8.05 48.50 275 21.9 
T02 0.21 0.29 Mon 9/22/14 3:32 PM 3:55 PM 139.0 855 8.12 48.30 300 21.6 
T03 0.71 1.00 Tue 9/23/14 8:35 AM 8:52 AM 138.8 838 8.25 48.30 302 21.7 
T04 1.00 2.0 Wed 9/24/14 8:35 AM 9:12 AM 138.6 848 8.26 48.41 253 21.7 
T05 1.00 3.0 Thurs 9/25/14 8:35 AM 9:04 AM 138.4 845 8.15 48.00 309 21.7 
T06 1.00 4.0 Fri 9/26/14 8:35 AM 8:57 AM 138.2 860 8.21 42.30 270 22.1 
T07 1.00 5.0 Sat 9/27/14 8:35 AM 8:50 AM 138.1 850 8.20 47.30 299 22.3 
T08 2.00 7.0 Mon 9/29/14 8:35 AM 9:13 AM 137.9 846 8.25 47.80 298 20.8 
T09 3.00 10.0 Thurs 10/2/14 8:35 AM 10:05 AM 137.5 850 8.28 48.10 266 21.3 
T10 4.00 14.0 Mon 10/6/14 8:35 AM 9:04 AM 137.1 852 8.22 48.97 263 21.2 
T11 7.00 21.0 Mon 10/13/14 8:35 AM 10:05 AM 136.8 850 8.31 48.05 253 21.8 
T12 7.00 28.0 Mon 10/20/14 8:35 AM 9:59 AM 136.3 840 8.27 47.90 308 21.4 
T13 7.00 35.0 Mon 10/27/14 8:35 AM 10:15 AM 136.1 848 8.29 48.77 252 20.9 
T14 7.00 42.0 Mon 11/3/14 8:35 AM 9:55 AM 135.7 840 8.29 47.87 224 20.8 
T15 7.00 49.0 Mon 11/10/14 8:35 AM 10:31 AM 135.2 845 8.28 47.27 268 20.6 
T16 14.00 63.0 Mon 11/24/14 8:35 AM 9:46 AM 134.5 848 8.33 47.39 305 20.9 







Salinity: Brackish water 
 
Replicate 1    Mass of Sample + Holder Final Mass 86.8 g 














































T01 0.08 0.08 Mon 9/22/14 10:35 AM 10:47 AM 137.1 838 8.17 26.00 269 21.8 
T02 0.21 0.29 Mon 9/22/14 3:32 PM 3:37 PM 137.2 850 8.20 26.30 300 21.5 
T03 0.71 1.00 Tue 9/23/14 8:35 AM 8:54 AM 136.8 870 8.41 26.30 300 21.6 
T04 1.00 2.0 Wed 9/24/14 8:35 AM 9:14 AM 136.8 850 8.48 26.49 248 21.8 
T05 1.00 3.0 Thurs 9/25/14 8:35 AM 9:06 AM 136.5 848 8.33 26.35 302 21.8 
T06 1.00 4.0 Fri 9/26/14 8:35 AM 8:58 AM 136.5 858 8.43 25.86 258 22 
T07 1.00 5.0 Sat 9/27/14 8:35 AM 8:52 AM 136.3 868 8.41 26.00 296 22.2 
T08 2.00 7.0 Mon 9/29/14 8:35 AM 9:15 AM 136.0 870 8.47 26.10 294 20.8 
T09 3.00 10.0 Thurs 10/2/14 8:35 AM 10:06 AM 135.7 848 8.52 26.40 273 21.3 
T10 4.00 14.0 Mon 10/6/14 8:35 AM 9:05 AM 135.3 855 8.50 26.64 260 21.2 
T11 7.00 21.0 Mon 10/13/14 8:35 AM 10:09 AM 134.9 850 8.62 26.29 254 21.6 
T12 7.00 28.0 Mon 10/20/14 8:35 AM 10:01 AM 134.5 840 8.57 26.30 300 21.6 
T13 7.00 35.0 Mon 10/27/14 8:35 AM 10:17 AM 134.4 820 8.56 27.09 250 20.8 
T14 7.00 42.0 Mon 11/3/14 8:35 AM 9:56 AM 133.9 805 8.50 26.25 219 20.8 
T15 7.00 49.0 Mon 11/10/14 8:35 AM 10:32 AM 133.4 842 8.63 25.87 252 20.6 
T16 14.00 63.0 Mon 11/24/14 8:35 AM 9:48 AM 132.9 838 8.45 26.23 304 20.9 






Replicate 2    Mass of Sample + Holder Final Mass 88.6 g 














































T01 0.08 0.08 Mon 9/22/14 10:35 AM 10:49 AM 137.3 833 8.15 25.90 277 21.9 
T02 0.21 0.29 Mon 9/22/14 3:32 PM 3:58 PM 137.3 845 8.18 26.20 304 21.5 
T03 0.71 1.00 Tue 9/23/14 8:35 AM 8:55 AM 137.1 868 8.34 26.20 303 21.6 
T04 1.00 2.0 Wed 9/24/14 8:35 AM 9:16 AM 136.9 850 8.42 26.33 228 21.8 
T05 1.00 3.0 Thurs 9/25/14 8:35 AM 9:07 AM 136.6 850 8.41 26.30 299 21.7 
T06 1.00 4.0 Fri 9/26/14 8:35 AM 9:00 AM 136.3 860 8.45 25.79 258 22.1 
T07 1.00 5.0 Sat 9/27/14 8:35 AM 8:54 AM 136.1 858 8.44 25.90 296 22.3 
T08 2.00 7.0 Mon 9/29/14 8:35 AM 9:16 AM 135.7 872 8.48 26.20 301 20.8 
T09 3.00 10.0 Thurs 10/2/14 8:35 AM 10:08 AM 135.3 860 8.54 27.00 282 21.4 
T10 4.00 14.0 Mon 10/6/14 8:35 AM 9:07 AM 134.9 865 8.48 26.84 286 21.3 
T11 7.00 21.0 Mon 10/13/14 8:35 AM 10:10 AM 134.4 845 8.64 26.19 207 21.6 
T12 7.00 28.0 Mon 10/20/14 8:35 AM 10:03 AM 134.0 840 8.57 26.20 299 21.5 
T13 7.00 35.0 Mon 10/27/14 8:35 AM 10:19 AM 133.8 815 8.62 26.88 254 20.8 
T14 7.00 42.0 Mon 11/3/14 8:35 AM 9:59 AM 133.3 810 8.53 26.06 223 20.8 
T15 7.00 49.0 Mon 11/10/14 8:35 AM 10:34 AM 132.8 840 8.57 25.08 255 20.6 
T16 14.00 63.0 Mon 11/24/14 8:35 AM 9:51 AM 132.3 842 8.47 26.14 305 20.8 







Replicate 3    Mass of Sample + Holder Final Mass 86.0 g 














































T01 0.08 0.08 Mon 9/22/14 10:35 AM 10:50 AM 137.8 834 8.17 25.90 284 21.9 
T02 0.21 0.29 Mon 9/22/14 3:32 PM 3:59 PM 137.8 840 8.20 26.20 305 21.6 
T03 0.71 1.00 Tue 9/23/14 8:35 AM 8:57 AM 137.9 868 8.36 26.20 302 21.7 
T04 1.00 2.0 Wed 9/24/14 8:35 AM 9:19 AM 137.6 850 8.44 26.83 257 21.8 
T05 1.00 3.0 Thurs 9/25/14 8:35 AM 9:08 AM 137.4 850 8.36 25.90 299 21.7 
T06 1.00 4.0 Fri 9/26/14 8:35 AM 9:02 AM 137.0 858 8.41 25.26 263 21.9 
T07 1.00 5.0 Sat 9/27/14 8:35 AM 8:55 AM 136.9 858 8.39 25.90 301 22.3 
T08 2.00 7.0 Mon 9/29/14 8:35 AM 9:18 AM 136.7 872 8.27 27.20 312 20.9 
T09 3.00 10.0 Thurs 10/2/14 8:35 AM 10:10 AM 136.2 860 8.43 26.60 294 21.3 
T10 4.00 14.0 Mon 10/6/14 8:35 AM 9:09 AM 135.9 855 8.42 26.87 285 21.2 
T11 7.00 21.0 Mon 10/13/14 8:35 AM 10:11 AM 135.1 850 8.55 26.28 229 21.5 
T12 7.00 28.0 Mon 10/20/14 8:35 AM 10:05 AM 134.7 840 8.55 26.40 297 21.5 
T13 7.00 35.0 Mon 10/27/14 8:35 AM 10:20 AM 134.3 815 8.56 27.07 257 20.9 
T14 7.00 42.0 Mon 11/3/14 8:35 AM 10:01 AM 134.3 800 8.55 26.13 227 20.8 
T15 7.00 49.0 Mon 11/10/14 8:35 AM 10:35 AM 133.5 840 8.53 26.30 262 20.6 
T16 14.00 63.0 Mon 11/24/14 8:35 AM 9:54 AM 133.0 838 8.58 26.25 296 20.9 









Replicate 1    Mass of Sample + Holder Final Mass 89.9 g 














































T01 0.08 0.08 Mon 9/22/14 10:35 AM 10:52 AM 138.1 839 7.94 1.45 280 21.8 
T02 0.21 0.29 Mon 9/22/14 3:32 PM 4:00 PM 138.0 842 8.24 1.65 294 21.5 
T03 0.71 1.00 Tue 9/23/14 8:35 AM 8:59 AM 137.9 842 8.24 2.08 264 21.7 
T04 1.00 2.0 Wed 9/24/14 8:35 AM 9:21 AM 137.9 842 9.53 2.11 161 21.8 
T05 1.00 3.0 Thurs 9/25/14 8:35 AM 9:10 AM 137.6 842 9.47 1.87 255 21.8 
T06 1.00 4.0 Fri 9/26/14 8:35 AM 9:04 AM 137.4 850 9.58 1.82 165 22.1 
T07 1.00 5.0 Sat 9/27/14 8:35 AM 8:57 AM 137.3 840 9.51 1.77 253 22.3 
T08 2.00 7.0 Mon 9/29/14 8:35 AM 9:20 AM 137.1 850 9.72 2.04 250 20.9 
T09 3.00 10.0 Thurs 10/2/14 8:35 AM 10:11 AM 136.9 842 9.77 2.17 250 21.3 
T10 4.00 14.0 Mon 10/6/14 8:35 AM 9:10 AM 136.7 848 9.93 2.21 231 21.3 
T11 7.00 21.0 Mon 10/13/14 8:35 AM 10:14 AM 136.3 848 10.15 2.36 167 21.6 
T12 7.00 28.0 Mon 10/20/14 8:35 AM 10:07 AM 136.1 850 10.16 2.31 226 21.8 
T13 7.00 35.0 Mon 10/27/14 8:35 AM 10:22 AM 135.9 848 10.19 2.52 145 20.8 
T14 7.00 42.0 Mon 11/3/14 8:35 AM 10:03 AM 135.7 840 10.18 2.58 184 20.8 
T15 7.00 49.0 Mon 11/10/14 8:35 AM 10:36 AM 135.3 850 10.21 2.15 188 20.6 
T16 14.00 63.0 Mon 11/24/14 8:35 AM 9:56 AM 134.6 845 10.37 2.41 224 20.9 








Replicate 2    Mass of Sample + Holder Final Mass 90.2 g 














































T01 0.08 0.08 Mon 9/22/14 10:35 AM 10:53 AM 138.6 845 7.91 2.45 284 21.9 
T02 0.21 0.29 Mon 9/22/14 3:32 PM 4:02 PM 138.8 840 8.34 1.70 291 21.5 
T03 0.71 1.00 Tue 9/23/14 8:35 AM 9:00 AM 138.6 840 9.20 2.06 265 21.7 
T04 1.00 2.0 Wed 9/24/14 8:35 AM 9:23 AM 138.3 850 9.31 2.09 220 21.8 
T05 1.00 3.0 Thurs 9/25/14 8:35 AM 9:12 AM 138.2 848 9.51 1.95 252 21.8 
T06 1.00 4.0 Fri 9/26/14 8:35 AM 9:06 AM 137.8 845 9.52 1.83 203 22.1 
T07 1.00 5.0 Sat 9/27/14 8:35 AM 8:59 AM 137.7 840 9.47 1.78 253 22.3 
T08 2.00 7.0 Mon 9/29/14 8:35 AM 9:22 AM 137.5 832 9.92 1.10 236 20.9 
T09 3.00 10.0 Thurs 10/2/14 8:35 AM 10:13 AM 137.0 850 9.83 2.11 245 21.3 
T10 4.00 14.0 Mon 10/6/14 8:35 AM 9:12 AM 136.7 850 9.92 2.02 222 21.3 
T11 7.00 21.0 Mon 10/13/14 8:35 AM 10:15 AM 136.5 850 10.04 2.29 197 21.6 
T12 7.00 28.0 Mon 10/20/14 8:35 AM 10:09 AM 136.1 850 10.10 2.29 235 21.7 
T13 7.00 35.0 Mon 10/27/14 8:35 AM 10:24 AM 135.9 848 10.19 2.30 155 20.9 
T14 7.00 42.0 Mon 11/3/14 8:35 AM 10:05 AM 135.5 840 10.14 2.22 184 20.8 
T15 7.00 49.0 Mon 11/10/14 8:35 AM 10:38 AM 135.3 845 10.07 2.08 191 20.6 
T16 14.00 63.0 Mon 11/24/14 8:35 AM 9:58 AM 134.6 840 10.21 2.39 234 20.9 







Replicate 3    Mass of Sample + Holder Final Mass 87.2 g 














































T01 0.08 0.08 Mon 9/22/14 10:35 AM 10:54 AM 138.4 840 7.77 1.47 299 21.9 
T02 0.21 0.29 Mon 9/22/14 3:32 PM 4:03 PM 138.2 853 8.32 1.71 296 21.6 
T03 0.71 1.00 Tue 9/23/14 8:35 AM 9:02 AM 137.9 845 9.09 2.10 266 21.7 
T04 1.00 2.0 Wed 9/24/14 8:35 AM 9:24 AM 137.6 848 9.49 2.15 220 21.8 
T05 1.00 3.0 Thurs 9/25/14 8:35 AM 9:14 AM 137.4 848 9.50 1.98 250 21.7 
T06 1.00 4.0 Fri 9/26/14 8:35 AM 9:07 AM 137.2 848 9.53 1.88 233 22.2 
T07 1.00 5.0 Sat 9/27/14 8:35 AM 9:00 AM 137.2 840 9.54 1.78 250 22.3 
T08 2.00 7.0 Mon 9/29/14 8:35 AM 9:24 AM 136.7 848 9.69 2.08 249 20.9 
T09 3.00 10.0 Thurs 10/2/14 8:35 AM 10:14 AM 136.5 860 9.58 3.07 254 21.3 
T10 4.00 14.0 Mon 10/6/14 8:35 AM 9:14 AM 136.4 840 9.81 2.27 222 21.3 
T11 7.00 21.0 Mon 10/13/14 8:35 AM 10:17 AM 135.9 845 10.02 2.44 208 21.6 
T12 7.00 28.0 Mon 10/20/14 8:35 AM 10:26 AM 135.7 842 10.09 2.32 230 21.6 
T13 7.00 35.0 Mon 10/27/14 8:35 AM 10:10 AM 135.4 840 10.10 2.30 165 20.9 
T14 7.00 42.0 Mon 11/3/14 8:35 AM 10:06 AM 135.2 840 10.13 2.26 184 20.8 
T15 7.00 49.0 Mon 11/10/14 8:35 AM 10:39 AM 134.7 840 10.05 2.09 197 20.7 
T16 14.00 63.0 Mon 11/24/14 8:35 AM 10:00 AM 134.0 840 10.00 2.29 243 21 







Composition: 70% fluorogypsum, 2% Portland type I/II cement, 28% class C fly ash 
Salinity: Saltwater 
 
Replicate 1    Mass of Sample + Holder Final Mass 84.6 g 














































T01 0.08 0.08 Mon 8/4/14 11:25 AM 12:07 PM 129.1 840 8.10 48.15 274 21.9 
T02 0.21 0.29 Mon 8/4/14 4:22 PM 4:36 PM 128.8 848 8.14 48.50 282 21.4 
T03 0.71 1.00 Tue 8/5/14 9:25 AM 9:36 AM 128.6 852 8.34 48.70 255 21.2 
T04 1.00 2.0 Wed 8/6/14 9:25 AM 9:42 AM 128.4 840 8.38 47.70 270 21.2 
T05 1.00 3.0 Thurs 8/7/14 9:25 AM 9:46 AM 128.2 843 8.37 47.70 276 20.4 
T06 1.00 4.0 Fri 8/8/14 9:25 AM 9:46 AM 128.2 840 8.30 47.90 266 20.1 
T07 1.00 5.0 Sat 8/9/14 9:25 AM 9:52 AM 127.9 840 8.27 47.40 254 20.1 
T08 2.00 7.0 Mon 8/11/14 9:25 AM 10:50 AM 127.9 845 8.38 47.64 230 20.7 
T09 3.00 10.0 Thurs 8/14/14 9:25 AM 9:37 AM 127.3 850 8.38 47.58 260 21.8 
T10 4.00 14.0 Mon 8/18/14 9:25 AM 10:18 AM 127.0 858 8.43 46.70 224 21.1 
T11 7.00 21.0 Mon 8/25/14 9:25 AM 10:50 AM 126.3 850 8.47 46.90 211 21.4 
T12 7.00 28.0 Mon 9/1/14 9:25 AM 10:26 AM 125.7 850 8.36 47.70 227 22.5 
T13 7.00 35.0 Mon 9/8/14 9:25 AM 9:59 AM 125.6 850 8.36 48.20 241 21 
T14 7.00 42.0 Mon 9/15/14 9:25 AM 9:33 AM 125.0 860 8.29 47.60 268 21.8 
T15 7.00 49.0 Mon 9/22/14 9:25 AM 8:56 AM 124.4 840 8.29 48.20 270 21.8 
T16 14.00 63.0 Mon 10/6/14 9:25 AM 9:54 AM 123.6 849 8.27 48.79 238 21.5 






Replicate 2    Mass of Sample + Holder Final Mass 85.4 g 














































T01 0.08 0.08 Mon 8/4/14 11:25 AM 12:08 PM 128.3 840 8.10 48.28 283 22.2 
T02 0.21 0.29 Mon 8/4/14 4:22 PM 4:37 PM 128.4 850 8.16 48.50 286 21.4 
T03 0.71 1.00 Tue 8/5/14 9:25 AM 9:38 AM 128.2 850 8.32 47.40 256 21 
T04 1.00 2.0 Wed 8/6/14 9:25 AM 9:44 AM 128.0 840 8.37 47.70 268 21.4 
T05 1.00 3.0 Thurs 8/7/14 9:25 AM 9:48 AM 127.7 840 8.36 47.80 283 20.4 
T06 1.00 4.0 Fri 8/8/14 9:25 AM 9:48 AM 127.5 838 8.34 47.90 281 20 
T07 1.00 5.0 Sat 8/9/14 9:25 AM 9:56 AM 127.2 840 8.30 47.30 263 20 
T08 2.00 7.0 Mon 8/11/14 9:25 AM 10:52 AM 127.0 845 8.37 47.59 153 20.6 
T09 3.00 10.0 Thurs 8/14/14 9:25 AM 9:39 AM 126.7 850 8.35 47.49 272 21.9 
T10 4.00 14.0 Mon 8/18/14 9:25 AM 10:20 AM 126.5 850 8.40 46.70 229 21.1 
T11 7.00 21.0 Mon 8/25/14 9:25 AM 10:52 AM 125.8 848 8.45 47.20 227 21.4 
T12 7.00 28.0 Mon 9/1/14 9:25 AM 10:28 AM 125.5 849 8.33 47.70 254 22.6 
T13 7.00 35.0 Mon 9/8/14 9:25 AM 10:00 AM 125.3 842 8.35 48.25 223 21 
T14 7.00 42.0 Mon 9/15/14 9:25 AM 9:34 AM 125.0 862 8.26 47.80 278 21.8 
T15 7.00 49.0 Mon 9/22/14 9:25 AM 8:59 AM 124.3 840 8.27 49.20 284 21.8 
T16 14.00 63.0 Mon 10/6/14 9:25 AM 9:56 AM 123.8 845 8.25 49.22 254 21.4 






Replicate 3    Mass of Sample + Holder Final Mass 83.2 g 














































T01 0.08 0.08 Mon 8/4/14 11:25 AM 12:09 PM 127.2 830 8.13 48.38 277 22.5 
T02 0.21 0.29 Mon 8/4/14 4:22 PM 4:39 PM 127.2 838 8.16 48.50 293 21.5 
T03 0.71 1.00 Tue 8/5/14 9:25 AM 9:39 AM 127.2 852 8.35 48.60 262 21.3 
T04 1.00 2.0 Wed 8/6/14 9:25 AM 9:45 AM 127.0 840 8.38 47.70 277 21.6 
T05 1.00 3.0 Thurs 8/7/14 9:25 AM 9:50 AM 126.8 840 8.38 47.90 278 20.3 
T06 1.00 4.0 Fri 8/8/14 9:25 AM 9:50 AM 126.6 838 8.38 47.80 281 20 
T07 1.00 5.0 Sat 8/9/14 9:25 AM 9:58 AM 126.2 840 8.31 47.30 270 20.1 
T08 2.00 7.0 Mon 8/11/14 9:25 AM 10:54 AM 126.0 845 8.36 47.10 223 20.5 
T09 3.00 10.0 Thurs 8/14/14 9:25 AM 9:41 AM 125.8 852 8.34 47.48 282 21.9 
T10 4.00 14.0 Mon 8/18/14 9:25 AM 10:22 AM 125.5 853 8.42 46.70 230 21.1 
T11 7.00 21.0 Mon 8/25/14 9:25 AM 10:53 AM 124.9 845 8.43 47.40 223 21.4 
T12 7.00 28.0 Mon 9/1/14 9:25 AM 10:29 AM 124.7 845 8.35 47.60 253 22.6 
T13 7.00 35.0 Mon 9/8/14 9:25 AM 10:02 AM 124.4 850 8.35 48.25 225 21 
T14 7.00 42.0 Mon 9/15/14 9:25 AM 9:36 AM 123.6 862 8.28 47.80 282 21.8 
T15 7.00 49.0 Mon 9/22/14 9:25 AM 9:00 AM 123.2 838 8.26 48.20 292 21.9 
T16 14.00 63.0 Mon 10/6/14 9:25 AM 9:58 AM 122.6 845 8.26 49.12 241 21.3 







Salinity: Brackish water 
 
Replicate 1    Mass of Sample + Holder Final Mass 81.2 g 














































T01 0.08 0.08 Mon 8/4/14 11:25 AM 12:11 PM 126.4 850 8.31 26.00 275 22.1 
T02 0.21 0.29 Mon 8/4/14 4:22 PM 4:41 PM 126.4 868 8.39 26.10 286 21.4 
T03 0.71 1.00 Tue 8/5/14 9:25 AM 9:41 AM 126.2 855 8.59 26.40 260 21.1 
T04 1.00 2.0 Wed 8/6/14 9:25 AM 9:47 AM 125.9 860 8.65 26.00 273 21.5 
T05 1.00 3.0 Thurs 8/7/14 9:25 AM 9:52 AM 125.7 860 8.68 25.90 271 20.2 
T06 1.00 4.0 Fri 8/8/14 9:25 AM 9:51 AM 125.5 857 8.64 26.10 272 20.1 
T07 1.00 5.0 Sat 8/9/14 9:25 AM 9:59 AM 125.2 850 8.61 25.50 253 20.2 
T08 2.00 7.0 Mon 8/11/14 9:25 AM 10:56 AM 125.0 855 8.67 25.83 250 20.6 
T09 3.00 10.0 Thurs 8/14/14 9:25 AM 9:42 AM 124.3 845 8.69 25.88 273 21.9 
T10 4.00 14.0 Mon 8/18/14 9:25 AM 10:23 AM 124.1 840 8.77 25.60 222 21 
T11 7.00 21.0 Mon 8/25/14 9:25 AM 10:55 AM 123.4 860 8.79 25.70 225 21.6 
T12 7.00 28.0 Mon 9/1/14 9:25 AM 10:31 AM 123.2 840 8.68 26.50 238 22.5 
T13 7.00 35.0 Mon 9/8/14 9:25 AM 10:03 AM 123.0 870 8.69 26.20 249 21.2 
T14 7.00 42.0 Mon 9/15/14 9:25 AM 9:37 AM 122.5 852 8.64 26.10 271 21.9 
T15 7.00 49.0 Mon 9/22/14 9:25 AM 9:02 AM 122.0 815 8.63 26.00 287 22 
T16 14.00 63.0 Mon 10/6/14 9:25 AM 9:59 AM 121.4 850 8.61 26.14 159 21.5 






Replicate 2    Mass of Sample + Holder Final Mass 83.4 g 














































T01 0.08 0.08 Mon 8/4/14 11:25 AM 12:12 PM 127.9 843 8.29 26.24 215 22.1 
T02 0.21 0.29 Mon 8/4/14 4:22 PM 4:42 PM 127.7 853 8.39 26.50 283 21.5 
T03 0.71 1.00 Tue 8/5/14 9:25 AM 9:43 AM 127.5 850 8.60 26.40 256 21.1 
T04 1.00 2.0 Wed 8/6/14 9:25 AM 9:49 AM 127.1 860 8.66 25.90 269 21.4 
T05 1.00 3.0 Thurs 8/7/14 9:25 AM 9:54 AM 127.0 848 8.67 25.90 273 20.3 
T06 1.00 4.0 Fri 8/8/14 9:25 AM 9:53 AM 126.8 848 8.67 26.10 273 19.9 
T07 1.00 5.0 Sat 8/9/14 9:25 AM 10:01 AM 126.6 850 8.62 25.60 263 20 
T08 2.00 7.0 Mon 8/11/14 9:25 AM 10:57 AM 126.4 850 8.67 25.88 254 20.5 
T09 3.00 10.0 Thurs 8/14/14 9:25 AM 9:44 AM 125.8 845 8.69 25.96 276 21.9 
T10 4.00 14.0 Mon 8/18/14 9:25 AM 10:24 AM 125.6 842 8.75 25.40 224 21 
T11 7.00 21.0 Mon 8/25/14 9:25 AM 10:56 AM 125.0 860 8.81 25.80 230 21.5 
T12 7.00 28.0 Mon 9/1/14 9:25 AM 10:33 AM 124.5 845 8.68 26.40 183 22.6 
T13 7.00 35.0 Mon 9/8/14 9:25 AM 10:04 AM 124.0 875 8.73 26.22 238 21 
T14 7.00 42.0 Mon 9/15/14 9:25 AM 9:39 AM 123.6 860 8.64 25.80 276 21.9 
T15 7.00 49.0 Mon 9/22/14 9:25 AM 9:04 AM 123.1 852 8.65 26.40 290 22.1 
T16 14.00 63.0 Mon 10/6/14 9:25 AM 10:01 AM 122.8 852 8.67 26.86 222 21.4 







Replicate 3    Mass of Sample + Holder Final Mass 83.9 g 














































T01 0.08 0.08 Mon 8/4/14 11:25 AM 12:13 PM 128.8 840 8.29 26.25 255 22.2 
T02 0.21 0.29 Mon 8/4/14 4:22 PM 4:44 PM 128.7 868 8.37 26.00 286 21.6 
T03 0.71 1.00 Tue 8/5/14 9:25 AM 9:45 AM 128.5 855 8.59 26.70 258 21.2 
T04 1.00 2.0 Wed 8/6/14 9:25 AM 9:51 AM 128.2 852 8.67 25.90 271 21.5 
T05 1.00 3.0 Thurs 8/7/14 9:25 AM 9:56 AM 127.9 855 8.68 25.90 271 20.3 
T06 1.00 4.0 Fri 8/8/14 9:25 AM 9:55 AM 127.8 850 8.66 26.00 277 19.9 
T07 1.00 5.0 Sat 8/9/14 9:25 AM 10:03 AM 127.5 850 8.63 25.60 261 20 
T08 2.00 7.0 Mon 8/11/14 9:25 AM 10:59 AM 127.2 850 8.69 25.81 255 20.6 
T09 3.00 10.0 Thurs 8/14/14 9:25 AM 9:56 AM 127.0 845 8.71 25.99 271 22 
T10 4.00 14.0 Mon 8/18/14 9:25 AM 10:26 AM 126.6 840 8.79 25.60 227 21 
T11 7.00 21.0 Mon 8/25/14 9:25 AM 10:58 AM 125.6 860 8.81 25.80 167 21.5 
T12 7.00 28.0 Mon 9/1/14 9:25 AM 10:34 AM 125.3 830 8.72 26.40 212 22.7 
T13 7.00 35.0 Mon 9/8/14 9:25 AM 10:06 AM 125.1 875 8.73 26.26 239 21 
T14 7.00 42.0 Mon 9/15/14 9:25 AM 9:40 AM 124.4 855 8.70 26.10 273 21.8 
T15 7.00 49.0 Mon 9/22/14 9:25 AM 9:05 AM 124.1 860 8.68 26.00 290 22 
T16 14.00 63.0 Mon 10/6/14 9:25 AM 10:03 AM 123.7 842 8.65 26.50 232 21.4 









Replicate 1    Mass of Sample + Holder Final Mass 84.6 g 














































T01 0.08 0.08 Mon 8/4/14 11:25 AM 12:15 PM 128.8 840 8.52 1.46 244 22 
T02 0.21 0.29 Mon 8/4/14 4:22 PM 4:45 PM 128.8 845 8.65 1.51 275 21.3 
T03 0.71 1.00 Tue 8/5/14 9:25 AM 9:46 AM 128.7 845 9.52 2.07 213 21.1 
T04 1.00 2.0 Wed 8/6/14 9:25 AM 9:53 AM 128.4 845 9.63 2.04 225 21.5 
T05 1.00 3.0 Thurs 8/7/14 9:25 AM 9:58 AM 128.3 840 9.80 1.56 209 20.2 
T06 1.00 4.0 Fri 8/8/14 9:25 AM 9:57 AM 128.1 850 9.74 1.78 223 20.1 
T07 1.00 5.0 Sat 8/9/14 9:25 AM 10:05 AM 128.0 845 9.78 1.72 217 20.2 
T08 2.00 7.0 Mon 8/11/14 9:25 AM 11:01 AM 127.8 850 9.95 1.99 207 20.6 
T09 3.00 10.0 Thurs 8/14/14 9:25 AM 9:46 AM 127.5 850 10.01 1.09 212 21.9 
T10 4.00 14.0 Mon 8/18/14 9:25 AM 10:28 AM 127.2 488 10.21 2.17 176 21 
T11 7.00 21.0 Mon 8/25/14 9:25 AM 11:00 AM 126.8 848 10.30 2.35 132 21.7 
T12 7.00 28.0 Mon 9/1/14 9:25 AM 10:36 AM 126.7 850 10.28 2.29 168 22.6 
T13 7.00 35.0 Mon 9/8/14 9:25 AM 10:07 AM 126.7 848 10.26 2.20 157 21.2 
T14 7.00 42.0 Mon 9/15/14 9:25 AM 9:42 AM 126.5 850 10.27 2.14 151 21.1 
T15 7.00 49.0 Mon 9/22/14 9:25 AM 9:07 AM 125.7 840 10.20 2.13 220 21.8 
T16 14.00 63.0 Mon 10/6/14 9:25 AM 10:04 AM 125.7 872 9.82 2.23 204 21.6 








Replicate 2    Mass of Sample + Holder Final Mass 83.5 g 














































T01 0.08 0.08 Mon 8/4/14 11:25 AM 12:16 PM 126.2 840 8.35 1.49 241 22 
T02 0.21 0.29 Mon 8/4/14 4:22 PM 4:48 PM 126.2 848 8.78 1.53 270 21.4 
T03 0.71 1.00 Tue 8/5/14 9:25 AM 9:48 AM 126.2 845 9.44 2.01 230 21.1 
T04 1.00 2.0 Wed 8/6/14 9:25 AM 9:55 AM 126.0 850 9.55 1.98 233 21.4 
T05 1.00 3.0 Thurs 8/7/14 9:25 AM 10:00 AM 125.9 850 9.63 1.85 223 20.3 
T06 1.00 4.0 Fri 8/8/14 9:25 AM 9:59 AM 125.7 840 9.74 1.42 223 20 
T07 1.00 5.0 Sat 8/9/14 9:25 AM 10:07 AM 125.6 850 9.68 1.70 222 20.1 
T08 2.00 7.0 Mon 8/11/14 9:25 AM 11:03 AM 125.4 850 9.91 1.95 208 20.6 
T09 3.00 10.0 Thurs 8/14/14 9:25 AM 9:48 AM 125.0 850 9.94 2.03 216 21.9 
T10 4.00 14.0 Mon 8/18/14 9:25 AM 10:29 AM 125.1 845 10.03 2.11 181 21 
T11 7.00 21.0 Mon 8/25/14 9:25 AM 11:01 AM 124.7 850 10.23 2.27 153 21.2 
T12 7.00 28.0 Mon 9/1/14 9:25 AM 10:38 AM 124.5 828 10.25 2.29 171 22.7 
T13 7.00 35.0 Mon 9/8/14 9:25 AM 10:09 AM 124.6 848 10.27 2.14 151 21.1 
T14 7.00 42.0 Mon 9/15/14 9:25 AM 9:43 AM 124.2 850 10.24 2.04 212 21.9 
T15 7.00 49.0 Mon 9/22/14 9:25 AM 9:08 AM 123.7 840 10.24 1.98 205 22.1 
T16 14.00 63.0 Mon 10/6/14 9:25 AM 10:06 AM 123.8 852 10.22 2.44 190 21.4 







Replicate 3    Mass of Sample + Holder Final Mass 84.4 g 














































T01 0.08 0.08 Mon 8/4/14 11:25 AM 12:18 PM 127.8 840 8.48 1.50 254 22.1 
T02 0.21 0.29 Mon 8/4/14 4:22 PM 4:50 PM 127.7 845 8.85 1.57 275 21.5 
T03 0.71 1.00 Tue 8/5/14 9:25 AM 9:50 AM 127.8 845 9.44 2.04 229 21.3 
T04 1.00 2.0 Wed 8/6/14 9:25 AM 9:56 AM 127.6 845 9.51 2.01 235 21.4 
T05 1.00 3.0 Thurs 8/7/14 9:25 AM 10:02 AM 127.4 850 9.63 1.88 234 20.3 
T06 1.00 4.0 Fri 8/8/14 9:25 AM 10:01 AM 127.4 842 9.73 1.42 227 20 
T07 1.00 5.0 Sat 8/9/14 9:25 AM 10:08 AM 127.1 848 9.67 1.70 221 20.1 
T08 2.00 7.0 Mon 8/11/14 9:25 AM 11:05 AM 127.1 855 9.87 1.94 210 20.6 
T09 3.00 10.0 Thurs 8/14/14 9:25 AM 9:51 AM 126.8 848 9.94 2.05 211 22 
T10 4.00 14.0 Mon 8/18/14 9:25 AM 10:31 AM 126.8 842 10.11 2.15 177 21.1 
T11 7.00 21.0 Mon 8/25/14 9:25 AM 11:03 AM 126.4 885 10.23 2.22 174 21.6 
T12 7.00 28.0 Mon 9/1/14 9:25 AM 10:39 AM 126.4 830 10.24 2.32 169 22.7 
T13 7.00 35.0 Mon 9/8/14 9:25 AM 10:10 AM 126.3 850 10.24 2.17 149 21.1 
T14 7.00 42.0 Mon 9/15/14 9:25 AM 9:45 AM 125.8 850 10.24 2.09 208 21.8 
T15 7.00 49.0 Mon 9/22/14 9:25 AM 9:10 AM 125.4 843 10.23 2.06 218 22 
T16 14.00 63.0 Mon 10/6/14 9:25 AM 10:08 AM 125.2 840 10.22 2.37 188 21.4 







Composition: 60% fluorogypsum, 10% Portland type I/II cement, 30% class C fly ash 
Salinity: Saltwater 
 
Replicate 1    Mass of Sample + Holder Final Mass 96.8 g 














































T01 0.08 0.08 Mon 8/18/14 11:30 AM 11:31 AM 133.4 848 8.15 46.80 228 21.2 
T02 0.21 0.29 Mon 8/18/14 4:27 PM 4:40 PM 134.4 848 8.22 46.50 232 21.8 
T03 0.71 1.00 Tue 8/19/14 9:30 AM 9:44 AM 134.3 848 8.39 46.80 250 21.3 
T04 1.00 2.0 Wed 8/20/14 9:30 AM 9:34 AM 134.3 848 8.41 47.00 242 20.9 
T05 1.00 3.0 Thurs 8/21/14 9:30 AM 9:37 AM 134.3 850 8.37 47.60 255 21 
T06 1.00 4.0 Fri 8/22/14 9:30 AM 9:36 AM 134.3 852 8.36 46.80 261 21.1 
T07 1.00 5.0 Sat 8/23/14 9:30 AM 9:31 AM 134.1 848 8.33 47.37 266 21.2 
T08 2.00 7.0 Mon 8/25/14 9:30 AM 9:47 AM 134.3 850 8.42 47.37 226 21.6 
T09 3.00 10.0 Thurs 8/28/14 9:30 AM 9:23 AM 134.3 845 8.44 47.80 269 22.3 
T10 4.00 14.0 Mon 9/1/14 9:30 AM 10:44 AM 134.5 852 8.41 47.50 239 22.8 
T11 7.00 21.0 Mon 9/8/14 9:30 AM 10:14 AM 134.1 848 8.48 47.40 233 21.2 
T12 7.00 28.0 Mon 9/15/14 9:30 AM 9:49 AM 135.0 862 8.42 47.80 272 21.7 
T13 7.00 35.0 Mon 9/22/14 9:30 AM 9:36 AM 134.8 850 8.41 47.70 292 21.7 
T14 7.00 42.0 Mon 9/29/14 9:30 AM 9:45 AM 134.6 840 8.31 48.50 257 20.7 
T15 7.00 49.0 Mon 10/6/14 9:30 AM 10:12 AM 134.4 848 8.35 47.74 245 21.5 
T16 14.00 63.0 Mon 10/20/14 9:30 AM 11:04 AM 134.2 840 8.37 47.90 300 21.6 








Replicate 2    Mass of Sample + Holder Final Mass 97.9 g 














































T01 0.08 0.08 Mon 8/18/14 11:30 AM 11:32 AM 134.2 853 8.16 46.70 228 21.5 
T02 0.21 0.29 Mon 8/18/14 4:27 PM  135.1 848 8.23 46.50 239 22 
T03 0.71 1.00 Tue 8/19/14 9:30 AM 9:46 AM 135.2 850 8.36 46.70 251 21 
T04 1.00 2.0 Wed 8/20/14 9:30 AM 9:36 AM 135.2 848 8.42 46.70 238 21 
T05 1.00 3.0 Thurs 8/21/14 9:30 AM 9:39 AM 135.0 850 8.37 47.10 245 21.1 
T06 1.00 4.0 Fri 8/22/14 9:30 AM 9:37 AM 135.0 860 8.34 47.30 243 20.8 
T07 1.00 5.0 Sat 8/23/14 9:30 AM 9:33 AM 135.1 850 8.34 47.23 265 21.2 
T08 2.00 7.0 Mon 8/25/14 9:30 AM 9:48 AM 135.2 845 8.39 47.52 230 21.6 
T09 3.00 10.0 Thurs 8/28/14 9:30 AM 9:24 AM 135.4 848 8.42 47.74 268 22.3 
T10 4.00 14.0 Mon 9/1/14 9:30 AM 10:46 AM 135.7 880 8.38 48.00 250 22.8 
T11 7.00 21.0 Mon 9/8/14 9:30 AM 10:16 AM 136.0 850 8.46 47.50 244 21.3 
T12 7.00 28.0 Mon 9/15/14 9:30 AM 9:51 AM 136.1 860 8.37 47.70 298 21.8 
T13 7.00 35.0 Mon 9/22/14 9:30 AM 9:38 AM 135.8 850 8.37 47.90 301 21.8 
T14 7.00 42.0 Mon 9/29/14 9:30 AM 9:47 AM 135.8 850 8.29 48.40 289 20.9 
T15 7.00 49.0 Mon 10/6/14 9:30 AM 10:14 AM 135.6 860 8.33 48.16 257 21.6 
T16 14.00 63.0 Mon 10/20/14 9:30 AM 11:05 AM 135.6 840 8.33 47.90 316 21.6 






Replicate 3    Mass of Sample + Holder Final Mass 96.6 g 














































T01 0.08 0.08 Mon 8/18/14 11:30 AM 11:34 AM 132.8 855 8.15 46.60 236 21.3 
T02 0.21 0.29 Mon 8/18/14 4:27 PM  133.6 848 8.23 46.60 240 21.9 
T03 0.71 1.00 Tue 8/19/14 9:30 AM 9:47 AM 133.8 848 8.40 46.70 255 21 
T04 1.00 2.0 Wed 8/20/14 9:30 AM 9:38 AM 133.6 852 8.43 46.60 237 21.1 
T05 1.00 3.0 Thurs 8/21/14 9:30 AM 9:43 AM 133.6 848 8.40 47.20 239 21.2 
T06 1.00 4.0 Fri 8/22/14 9:30 AM 9:39 AM 133.6 858 8.35 47.40 250 21.1 
T07 1.00 5.0 Sat 8/23/14 9:30 AM 9:34 AM 133.8 848 8.35 47.18 260 21.4 
T08 2.00 7.0 Mon 8/25/14 9:30 AM 9:50 AM 133.8 848 8.41 47.65 238 21.6 
T09 3.00 10.0 Thurs 8/28/14 9:30 AM 9:26 AM 133.8 845 8.45 47.70 263 22.3 
T10 4.00 14.0 Mon 9/1/14 9:30 AM 10:47 AM 133.9 880 8.40 48.00 246 22.8 
T11 7.00 21.0 Mon 9/8/14 9:30 AM 10:17 AM 134.3 850 8.48 47.80 254 21.4 
T12 7.00 28.0 Mon 9/15/14 9:30 AM 9:53 AM 134.1 862 8.42 47.80 289 21.7 
T13 7.00 35.0 Mon 9/22/14 9:30 AM 9:40 AM 133.9 850 8.43 47.90 280 21.6 
T14 7.00 42.0 Mon 9/29/14 9:30 AM 9:49 AM 133.9 858 8.31 48.30 298 21.2 
T15 7.00 49.0 Mon 10/6/14 9:30 AM 10:16 AM 133.7 852 8.34 48.18 261 21.5 
T16 14.00 63.0 Mon 10/20/14 9:30 AM 11:07 AM 133.3 842 8.37 47.80 314 21.6 







Salinity: Brackish water 
 
Replicate 1    Mass of Sample + Holder Final Mass 99.3 g 














































T01 0.08 0.08 Mon 8/18/14 11:30 AM 11:35 AM 134.9 842 8.32 24.70 198 21.5 
T02 0.21 0.29 Mon 8/18/14 4:27 PM  133.7 852 8.47 25.20 237 22.1 
T03 0.71 1.00 Tue 8/19/14 9:30 AM 9:49 AM 135.9 848 8.65 25.50 245 21 
T04 1.00 2.0 Wed 8/20/14 9:30 AM 9:40 AM 135.8 858 8.71 25.60 231 21.3 
T05 1.00 3.0 Thurs 8/21/14 9:30 AM 9:45 AM 135.8 858 8.68 25.60 230 21.3 
T06 1.00 4.0 Fri 8/22/14 9:30 AM 9:40 AM 135.6 862 8.65 25.60 215 21.1 
T07 1.00 5.0 Sat 8/23/14 9:30 AM 9:36 AM 135.5 855 8.65 25.78 253 21.4 
T08 2.00 7.0 Mon 8/25/14 9:30 AM 9:51 AM 135.3 855 8.76 26.10 233 21.7 
T09 3.00 10.0 Thurs 8/28/14 9:30 AM 9:29 AM 135.6 850 8.77 25.90 179 22.3 
T10 4.00 14.0 Mon 9/1/14 9:30 AM 10:49 AM 135.4 882 8.72 25.60 234 22.9 
T11 7.00 21.0 Mon 9/8/14 9:30 AM 10:19 AM 135.5 855 8.79 26.50 158 21.3 
T12 7.00 28.0 Mon 9/15/14 9:30 AM 9:55 AM 135.4 872 8.74 26.10 270 21.8 
T13 7.00 35.0 Mon 9/22/14 9:30 AM 9:42 AM 135.2 870 8.78 25.80 276 21.8 
T14 7.00 42.0 Mon 9/29/14 9:30 AM 9:50 AM 135.0 840 8.69 26.20 292 21 
T15 7.00 49.0 Mon 10/6/14 9:30 AM 10:17 AM 134.7 860 8.77 26.03 234 21.5 
T16 14.00 63.0 Mon 10/20/14 9:30 AM 11:08 AM 134.4 840 8.70 26.20 306 21.6 






Replicate 2    Mass of Sample + Holder Final Mass 96.8 g 














































T01 0.08 0.08 Mon 8/18/14 11:30 AM 11:37 AM 133.2 850 8.33 24.80 231 21.6 
T02 0.21 0.29 Mon 8/18/14 4:27 PM  134.0 850 8.46 25.10 232 22.4 
T03 0.71 1.00 Tue 8/19/14 9:30 AM 9:50 AM 134.2 845 8.63 25.40 248 22 
T04 1.00 2.0 Wed 8/20/14 9:30 AM 9:41 AM 134.4 852 8.68 25.60 232 21.3 
T05 1.00 3.0 Thurs 8/21/14 9:30 AM 9:46 AM 134.1 855 8.67 25.60 229 21.3 
T06 1.00 4.0 Fri 8/22/14 9:30 AM 9:42 AM 133.9 858 8.65 25.60 239 21.2 
T07 1.00 5.0 Sat 8/23/14 9:30 AM 9:38 AM 134.0 855 8.65 25.36 252 21.5 
T08 2.00 7.0 Mon 8/25/14 9:30 AM 9:53 AM 134.1 850 8.73 25.85 241 21.6 
T09 3.00 10.0 Thurs 8/28/14 9:30 AM 9:30 AM 134.1 850 8.76 26.20 205 22.4 
T10 4.00 14.0 Mon 9/1/14 9:30 AM 10:51 AM 134.0 870 8.71 25.90 197 23 
T11 7.00 21.0 Mon 9/8/14 9:30 AM 10:20 AM 134.2 870 8.77 26.10 201 21.3 
T12 7.00 28.0 Mon 9/15/14 9:30 AM 9:56 AM 134.0 852 8.70 25.90 248 21.9 
T13 7.00 35.0 Mon 9/22/14 9:30 AM 9:46 AM 133.9 870 8.75 25.90 283 21.8 
T14 7.00 42.0 Mon 9/29/14 9:30 AM 9:52 AM 133.6 845 8.67 26.30 295 21.2 
T15 7.00 49.0 Mon 10/6/14 9:30 AM 10:19 AM 133.4 850 8.68 26.07 241 21.5 
T16 14.00 63.0 Mon 10/20/14 9:30 AM 11:10 AM 133.3 840 8.66 25.90 310 21.7 







Replicate 3    Mass of Sample + Holder Final Mass 98.8 g 














































T01 0.08 0.08 Mon 8/18/14 11:30 AM 11:39 AM 133.3 840 8.30 24.90 229 21.5 
T02 0.21 0.29 Mon 8/18/14 4:27 PM  134.2  8.44 25.10 242 22.1 
T03 0.71 1.00 Tue 8/19/14 9:30 AM 9:52 AM 134.3 850 8.65 25.45 238 21.9 
T04 1.00 2.0 Wed 8/20/14 9:30 AM 9:43 AM 134.4 858 8.67 25.30 230 21.3 
T05 1.00 3.0 Thurs 8/21/14 9:30 AM 9:48 AM 134.2 850 8.66 25.70 229 21.5 
T06 1.00 4.0 Fri 8/22/14 9:30 AM 9:44 AM 134.1 860 8.63 25.60 256 21.3 
T07 1.00 5.0 Sat 8/23/14 9:30 AM 9:39 AM 134.1 855 8.63 25.40 254 21.6 
T08 2.00 7.0 Mon 8/25/14 9:30 AM 9:55 AM 134.1 850 8.72 25.84 247 21.5 
T09 3.00 10.0 Thurs 8/28/14 9:30 AM 9:32 AM 134.4 850 8.74 26.00 215 22.3 
T10 4.00 14.0 Mon 9/1/14 9:30 AM 10:53 AM 134.2 860 8.71 26.00 222 23 
T11 7.00 21.0 Mon 9/8/14 9:30 AM 10:22 AM 134.2 880 8.73 26.00 216 21.4 
T12 7.00 28.0 Mon 9/15/14 9:30 AM 9:59 AM 134.0 858 8.78 26.20 260 21.9 
T13 7.00 35.0 Mon 9/22/14 9:30 AM 9:48 AM 133.9 860 8.74 25.90 286 21.7 
T14 7.00 42.0 Mon 9/29/14 9:30 AM 9:54 AM 133.7 845 8.87 26.30 296 21.3 
T15 7.00 49.0 Mon 10/6/14 9:30 AM 10:20 AM 133.5 852 8.70 26.01 249 21.5 
T16 14.00 63.0 Mon 10/20/14 9:30 AM 11:12 AM 133.4 840 8.71 26.40 232 21.6 









Replicate 1    Mass of Sample + Holder Final Mass 102.5 g 














































T01 0.08 0.08 Mon 8/18/14 11:30 AM 11:40 AM 132.5 842 8.45 1.34 223 21.6 
T02 0.21 0.29 Mon 8/18/14 4:27 PM  133.2 850 9.63 1.50 200 22.1 
T03 0.71 1.00 Tue 8/19/14 9:30 AM 9:54 AM 133.5 848 10.02 1.87 175 21.9 
T04 1.00 2.0 Wed 8/20/14 9:30 AM 9:45 AM 133.6 840 10.15 1.84 154 21.4 
T05 1.00 3.0 Thurs 8/21/14 9:30 AM 9:50 AM 133.7 850 10.21 1.74 170 21.5 
T06 1.00 4.0 Fri 8/22/14 9:30 AM 9:45 AM 133.7 848 10.27 1.61 185 21.3 
T07 1.00 5.0 Sat 8/23/14 9:30 AM 9:41 AM 133.7 850 10.29 1.51 186 21.6 
T08 2.00 7.0 Mon 8/25/14 9:30 AM 9:56 AM 133.8 845 10.55 1.65 181 21.6 
T09 3.00 10.0 Thurs 8/28/14 9:30 AM 9:35 AM 133.9 840 10.61 1.68 140 22.4 
T10 4.00 14.0 Mon 9/1/14 9:30 AM 10:55 AM 134.0 848 10.70 1.61 136 23 
T11 7.00 21.0 Mon 9/8/14 9:30 AM 10:23 AM 132.4 845 10.81 1.68 120 21.4 
T12 7.00 28.0 Mon 9/15/14 9:30 AM 10:00 AM 134.4 848 10.78 1.52 167 21.7 
T13 7.00 35.0 Mon 9/22/14 9:30 AM 9:50 AM 134.4 898 10.77 1.48 201 21.9 
T14 7.00 42.0 Mon 9/29/14 9:30 AM 9:55 AM 134.7 845 10.74 1.47 203 21.2 
T15 7.00 49.0 Mon 10/6/14 9:30 AM 10:22 AM 134.7 842 10.69 1.42 161 21.5 
T16 14.00 63.0 Mon 10/20/14 9:30 AM 11:13 AM 134.8 845 10.78 1.59 163 21.7 








Replicate 2    Mass of Sample + Holder Final Mass 105.0 g 














































T01 0.08 0.08 Mon 8/18/14 11:30 AM 11:42 AM 134.5 845 8.50 1.36 230 21.8 
T02 0.21 0.29 Mon 8/18/14 4:27 PM  135.4 850 9.65 1.53 196 21.6 
T03 0.71 1.00 Tue 8/19/14 9:30 AM 9:56 AM 135.7 850 10.03 1.87 177 22 
T04 1.00 2.0 Wed 8/20/14 9:30 AM 9:47 AM 135.7 848 10.15 1.85 159 21.4 
T05 1.00 3.0 Thurs 8/21/14 9:30 AM 9:51 AM 135.9 850 10.21 1.73 165 21.5 
T06 1.00 4.0 Fri 8/22/14 9:30 AM 9:47 AM 135.7 850 10.25 1.63 182 21.3 
T07 1.00 5.0 Sat 8/23/14 9:30 AM 9:43 AM 135.7 850 10.30 1.55 183 21.7 
T08 2.00 7.0 Mon 8/25/14 9:30 AM 9:58 AM 135.6 848 10.51 1.74 122 21.6 
T09 3.00 10.0 Thurs 8/28/14 9:30 AM 9:37 AM 135.7 848 10.61 1.74 145 22.3 
T10 4.00 14.0 Mon 9/1/14 9:30 AM 10:57 AM 135.6 850 10.65 1.71 145 23.1 
T11 7.00 21.0 Mon 9/8/14 9:30 AM 10:24 AM 135.7 850 10.81 1.89 133 21.4 
T12 7.00 28.0 Mon 9/15/14 9:30 AM 10:02 AM 135.8 848 10.78 1.55 173 21.9 
T13 7.00 35.0 Mon 9/22/14 9:30 AM 9:52 AM 135.8 848 10.75 1.47 200 21.9 
T14 7.00 42.0 Mon 9/29/14 9:30 AM 9:57 AM 136.0 830 10.72 1.50 204 21.3 
T15 7.00 49.0 Mon 10/6/14 9:30 AM 10:23 AM 136.1 845 10.64 1.43 164 21.5 
T16 14.00 63.0 Mon 10/20/14 9:30 AM 11:15 AM 136.3 840 10.73 1.57 175 21.7 







Replicate 3    Mass of Sample + Holder Final Mass 105.9 g 














































T01 0.08 0.08 Mon 8/18/14 11:30 AM 11:43 AM 134.3 845 8.70 1.35 229 21.5 
T02 0.21 0.29 Mon 8/18/14 4:27 PM  135.4 850 9.71 1.50 194 22 
T03 0.71 1.00 Tue 8/19/14 9:30 AM 9:58 AM 135.5 845 10.06 1.91 172 21.9 
T04 1.00 2.0 Wed 8/20/14 9:30 AM 9:49 AM 135.6 850 10.22 1.83 158 21.4 
T05 1.00 3.0 Thurs 8/21/14 9:30 AM 9:53 AM 135.6 848 10.25 1.71 166 21.7 
T06 1.00 4.0 Fri 8/22/14 9:30 AM 9:49 AM 135.6 850 10.28 1.58 185 21.3 
T07 1.00 5.0 Sat 8/23/14 9:30 AM 9:45 AM 135.7 850 10.32 1.48 179 21.8 
T08 2.00 7.0 Mon 8/25/14 9:30 AM 9:59 AM 135.9 845 10.56 1.63 148 21.6 
T09 3.00 10.0 Thurs 8/28/14 9:30 AM 9:39 AM 136.1 850 10.64 1.66 152 22.4 
T10 4.00 14.0 Mon 9/1/14 9:30 AM 10:59 AM 136.1 848 10.70 1.66 250 23 
T11 7.00 21.0 Mon 9/8/14 9:30 AM 10:26 AM 136.4 850 10.84 1.68 138 21.6 
T12 7.00 28.0 Mon 9/15/14 9:30 AM 10:04 AM 136.6 845 10.81 1.56 175 21.9 
T13 7.00 35.0 Mon 9/22/14 9:30 AM 9:54 AM 136.6 845 10.78 1.50 196 21.8 
T14 7.00 42.0 Mon 9/29/14 9:30 AM 9:58 AM 136.9 840 10.77 1.50 190 21.4 
T15 7.00 49.0 Mon 10/6/14 9:30 AM 10:25 AM 136.9 848 10.71 1.47 161 21.5 
T16 14.00 63.0 Mon 10/20/14 9:30 AM 11:17 AM 137.1 845 10.80 1.61 191 21.7 







Composition: 60% fluorogypsum, 6% Portland type I/II cement, 34% class C fly ash 
Salinity: Saltwater 
 
Replicate 1    Mass of Sample + Holder Final Mass 93.1 g 














































T01 0.08 0.08 Mon 9/22/14 10:45 AM 10:57 AM 139.0  8.07 48.30 259 21.7 
T02 0.21 0.29 Mon 9/22/14 3:42 PM 4:05 PM 139.0 832.0 8.06 48.00 290 21.6 
T03 0.71 1.00 Tue 9/23/14 8:45 AM 9:07 AM 139.1 835.0 8.25 47.80 290 21.3 
T04 1.00 2.0 Wed 9/24/14 8:45 AM 9:28 AM 139.0 850.0 8.23 48.16 270 21.7 
T05 1.00 3.0 Thurs 9/25/14 8:45 AM 9:17 AM 138.6 840.0 8.16 47.75 294 21.6 
T06 1.00 4.0 Fri 9/26/14 8:45 AM 9:11 AM 138.7 862.0 8.20 47.62 285 21.8 
T07 1.00 5.0 Sat 9/27/14 8:45 AM 9:02 AM 138.6 850.0 8.20 47.20 290 22.3 
T08 2.00 7.0 Mon 9/29/14 8:45 AM 9:28 AM 138.3 845.0 8.23 47.70 275 20.8 
T09 3.00 10.0 Thurs 10/2/14 8:45 AM 10:16 AM 138.1 852.0 8.27 47.80 300 21.4 
T10 4.00 14.0 Mon 10/6/14 8:45 AM 9:17 AM 137.9 850.0 8.20 48.82 276 21.2 
T11 7.00 21.0 Mon 10/13/14 8:45 AM 10:21 AM 137.6 850.0 8.32 46.55 276 21.5 
T12 7.00 28.0 Mon 10/20/14 8:45 AM 10:13 AM 137.2 850.0 8.30 47.80 302 21.6 
T13 7.00 35.0 Mon 10/27/14 8:45 AM 10:30 AM 137.0 840.0 8.32 48.62 254 20.6 
T14 7.00 42.0 Mon 11/3/14 8:45 AM 10:10 AM 136.9 843.0 8.30 47.55 223 20.7 
T15 7.00 49.0 Mon 11/10/14 8:45 AM 10:42 AM 136.6 845.0 8.24 47.37 252 20.6 
T16 14.00 63.0 Mon 11/24/14 8:45 AM 10:05 AM 136.2 850.0 8.33 47.38 295 20.7 






Replicate 2    Mass of Sample + Holder Final Mass 92.6 g 














































T01 0.08 0.08 Mon 8/18/14 11:45 AM 10:58 AM 136.4 840 8.02 47.70 322 22.9 
T02 0.21 0.29 Mon 8/18/14 4:42 PM 4:06 PM 136.4 842 8.14 48.30 281 21.7 
T03 0.71 1.00 Tue 8/19/14 9:45 AM 9:09 AM 136.4 842 8.21 48.10 297 21.3 
T04 1.00 2.0 Wed 8/20/14 9:45 AM 9:30 AM 135.9 850 8.33 48.22 265 21.8 
T05 1.00 3.0 Thurs 8/21/14 9:45 AM 9:19 AM 135.7 850 8.17 47.90 302 21.7 
T06 1.00 4.0 Fri 8/22/14 9:45 AM 9:12 AM 135.7 860 8.22 47.62 282 22 
T07 1.00 5.0 Sat 8/23/14 9:45 AM 9:04 AM 135.6 848 8.21 47.30 300 22.3 
T08 2.00 7.0 Mon 8/25/14 9:45 AM 9:29 AM 135.3 850 8.31 47.70 278 20.9 
T09 3.00 10.0 Thurs 8/28/14 9:45 AM 10:17 AM 134.9 850 8.31 47.70 305 21.4 
T10 4.00 14.0 Mon 9/1/14 9:45 AM 9:18 AM 134.7 850 8.25 48.91 277 21.1 
T11 7.00 21.0 Mon 9/8/14 9:45 AM 10:23 AM 134.4 848 8.37 46.67 266 21.5 
T12 7.00 28.0 Mon 9/15/14 9:45 AM 10:15 AM 134.1 850 8.34 48.30 205 21.7 
T13 7.00 35.0 Mon 9/22/14 9:45 AM 10:31 AM 133.8 848 8.36 48.64 253 20.9 
T14 7.00 42.0 Mon 9/29/14 9:45 AM 10:12 AM 133.6 845 8.28 47.53 225 20.6 
T15 7.00 49.0 Mon 10/6/14 9:45 AM 10:43 AM 133.3 845 8.28 46.56 243 20.6 
T16 14.00 63.0 Mon 10/20/14 9:45 AM 10:07 AM 133.0 852 8.30 47.32 308 20.8 






Replicate 3    Mass of Sample + Holder Final Mass 89.9 g 














































T01 0.08 0.08 Mon 8/18/14 11:45 AM 11:00 AM 137.1 830 8.03 48.00 301 22.9 
T02 0.21 0.29 Mon 8/18/14 4:42 PM 4:07 PM 137.3 858 8.16 48.40 281 21.8 
T03 0.71 1.00 Tue 8/19/14 9:45 AM 9:11 AM 137.2 845 8.27 47.90 300 21.3 
T04 1.00 2.0 Wed 8/20/14 9:45 AM 9:31 AM 137.2 850 8.32 48.10 266 21.8 
T05 1.00 3.0 Thurs 8/21/14 9:45 AM 9:21 AM 137.1 850 8.17 47.90 309 21.6 
T06 1.00 4.0 Fri 8/22/14 9:45 AM 9:14 AM 137.0 860 8.21 47.60 284 22.1 
T07 1.00 5.0 Sat 8/23/14 9:45 AM 9:05 AM 136.9 850 8.21 47.30 300 22.3 
T08 2.00 7.0 Mon 8/25/14 9:45 AM 9:31 AM 136.7 850 8.31 47.50 282 20.8 
T09 3.00 10.0 Thurs 8/28/14 9:45 AM 10:19 AM 136.4 850 8.30 47.70 310 21.3 
T10 4.00 14.0 Mon 9/1/14 9:45 AM 9:20 AM 136.1 850 8.26 48.97 279 21.2 
T11 7.00 21.0 Mon 9/8/14 9:45 AM 10:25 AM 135.8 850 8.36 47.90 245 21.3 
T12 7.00 28.0 Mon 9/15/14 9:45 AM 10:17 AM 135.7 845 8.33 48.20 237 21.6 
T13 7.00 35.0 Mon 9/22/14 9:45 AM 10:33 AM 135.4 850 8.67 46.85 243 20.6 
T14 7.00 42.0 Mon 9/29/14 9:45 AM 10:14 AM 135.3 842 8.35 47.76 227 20.7 
T15 7.00 49.0 Mon 10/6/14 9:45 AM 10:45 AM 134.8 840 8.33 46.56 250 20.6 
T16 14.00 63.0 Mon 10/20/14 9:45 AM 10:09 AM 134.3 845 8.37 47.54 307 20.9 







Salinity: Brackish water 
 
Replicate 1    Mass of Sample + Holder Final Mass 90.5 g 














































T01 0.08 0.08 Mon 8/18/14 11:45 AM 11:01 AM 136.4 831 8.10 26.00 296 23.2 
T02 0.21 0.29 Mon 8/18/14 4:42 PM 4:09 PM 136.3 848 8.28 26.00 272 21.7 
T03 0.71 1.00 Tue 8/19/14 9:45 AM 9:13 AM 136.3 852 8.37 26.00 312 21.4 
T04 1.00 2.0 Wed 8/20/14 9:45 AM 9:45 AM 136.3 850 8.48 26.41 261 21.2 
T05 1.00 3.0 Thurs 8/21/14 9:45 AM 9:23 AM 135.9 848 8.36 26.10 305 21.5 
T06 1.00 4.0 Fri 8/22/14 9:45 AM 9:16 AM 135.9 860 8.48 25.75 223 22 
T07 1.00 5.0 Sat 8/23/14 9:45 AM 9:07 AM 135.7 860 8.44 24.90 297 22.1 
T08 2.00 7.0 Mon 8/25/14 9:45 AM 9:33 AM 135.4 872 8.57 26.00 281 20.9 
T09 3.00 10.0 Thurs 8/28/14 9:45 AM 10:20 AM 135.0 858 8.57 25.90 304 21.3 
T10 4.00 14.0 Mon 9/1/14 9:45 AM 9:22 AM 134.7 875 8.57 26.34 275 21.1 
T11 7.00 21.0 Mon 9/8/14 9:45 AM 10:27 AM 134.4 850 8.66 26.08 223 21.6 
T12 7.00 28.0 Mon 9/15/14 9:45 AM 10:20 AM 133.9 845 8.68 26.00 242 21.7 
T13 7.00 35.0 Mon 9/22/14 9:45 AM 10:35 AM 133.8 818 8.68 26.67 245 20.9 
T14 7.00 42.0 Mon 9/29/14 9:45 AM 10:16 AM 133.4 810 8.72 26.26 243 20.7 
T15 7.00 49.0 Mon 10/6/14 9:45 AM 10:46 AM 133.1 845 8.61 26.09 245 20.6 
T16 14.00 63.0 Mon 10/20/14 9:45 AM 10:12 AM 132.7 848 8.53 25.94 299 20.8 






Replicate 2    Mass of Sample + Holder Final Mass 92.7 g 














































T01 0.08 0.08 Mon 9/22/14 10:45 AM 11:02 AM 139.2 832 8.15 25.90 296 22.9 
T02 0.21 0.29 Mon 9/22/14 3:42 PM 4:10 PM 139.0 842 8.26 26.20 278 21.8 
T03 0.71 1.00 Tue 9/23/14 8:45 AM 9:15 AM 138.9 860 8.39 26.20 309 21.3 
T04 1.00 2.0 Wed 9/24/14 8:45 AM 9:46 AM 138.8 850 8.51 25.90 255 21.7 
T05 1.00 3.0 Thurs 9/25/14 8:45 AM 9:25 AM 138.4 855 8.42 26.00 307 21.6 
T06 1.00 4.0 Fri 9/26/14 8:45 AM 9:18 AM 138.4 862 8.47 25.71 275 22.1 
T07 1.00 5.0 Sat 9/27/14 8:45 AM 9:08 AM 138.2 875 8.44 25.50 297 22.2 
T08 2.00 7.0 Mon 9/29/14 8:45 AM 9:34 AM 138.0 878 8.53 25.70 283 20.8 
T09 3.00 10.0 Thurs 10/2/14 8:45 AM 10:21 AM 137.6 848 8.55 26.50 307 21.4 
T10 4.00 14.0 Mon 10/6/14 8:45 AM 9:24 AM 137.3 865 8.53 26.67 266 21.1 
T11 7.00 21.0 Mon 10/13/14 8:45 AM 10:29 AM 136.8 850 8.68 26.06 232 21.4 
T12 7.00 28.0 Mon 10/20/14 8:45 AM 10:22 AM 136.5 840 8.65 26.30 254 21.6 
T13 7.00 35.0 Mon 10/27/14 8:45 AM 10:36 AM 136.3 810 8.69 26.68 241 20.8 
T14 7.00 42.0 Mon 11/3/14 8:45 AM 10:17 AM 136.1 815 8.67 26.09 243 20.7 
T15 7.00 49.0 Mon 11/10/14 8:45 AM 10:48 AM 135.7 845 8.65 26.01 247 20.6 
T16 14.00 63.0 Mon 11/24/14 8:45 AM 10:14 AM 135.3 840 8.73 25.89 299 20.8 







Replicate 3    Mass of Sample + Holder Final Mass 91.0 g 














































T01 0.08 0.08 Mon 9/22/14 10:45 AM 11:04 AM 136.6 840 8.16 26.10 292 23.2 
T02 0.21 0.29 Mon 9/22/14 3:42 PM 4:11 PM 136.7 850 8.24 26.10 284 21.9 
T03 0.71 1.00 Tue 9/23/14 8:45 AM 9:16 AM 136.6 855 8.38 26.00 306 22.5 
T04 1.00 2.0 Wed 9/24/14 8:45 AM 9:47 AM 136.9 858 8.51 26.12 262 21.8 
T05 1.00 3.0 Thurs 9/25/14 8:45 AM 9:27 AM 136.5 850 8.40 26.00 311 21.6 
T06 1.00 4.0 Fri 9/26/14 8:45 AM 9:19 AM 136.3 850 8.44 26.01 279 22.1 
T07 1.00 5.0 Sat 9/27/14 8:45 AM 9:10 AM 136.1 865 8.44 25.80 301 22.2 
T08 2.00 7.0 Mon 9/29/14 8:45 AM 9:36 AM 136.0 872 8.52 25.70 286 20.9 
T09 3.00 10.0 Thurs 10/2/14 8:45 AM 10:23 AM 135.6 850 8.55 25.90 307 20.9 
T10 4.00 14.0 Mon 10/6/14 8:45 AM 9:25 AM 135.5 865 8.54 26.35 270 21.2 
T11 7.00 21.0 Mon 10/13/14 8:45 AM 3:12 PM 135.1 848 8.68 25.99 242 21.6 
T12 7.00 28.0 Mon 10/20/14 8:45 AM 10:23 AM 134.9 845 8.64 26.20 270 21.6 
T13 7.00 35.0 Mon 10/27/14 8:45 AM 10:38 AM 134.6 810 8.66 26.81 249 20.6 
T14 7.00 42.0 Mon 11/3/14 8:45 AM 10:20 AM 134.4 803 8.69 25.95 243 20.8 
T15 7.00 49.0 Mon 11/10/14 8:45 AM 10:49 AM 134.2 845 8.65 23.77 249 20.6 
T16 14.00 63.0 Mon 11/24/14 8:45 AM 10:16 AM 133.7 845 8.69 25.92 301 20.8 









Replicate 1    Mass of Sample + Holder Final Mass 92.3 g 














































T01 0.08 0.08 Mon 9/22/14 10:45 AM 11:05 AM 138.5 833 8.35 1.48 287 22.7 
T02 0.21 0.29 Mon 9/22/14 3:42 PM 4:12 PM 138.4 825 8.54 1.68 269 21.7 
T03 0.71 1.00 Tue 9/23/14 8:45 AM 9:18 AM 138.2 842 9.22 1.95 274 22.6 
T04 1.00 2.0 Wed 9/24/14 8:45 AM 9:49 AM 138.3 852 9.52 1.97 221 21.8 
T05 1.00 3.0 Thurs 9/25/14 8:45 AM 9:00 AM 138.2 850 9.59 1.80 263 21.4 
T06 1.00 4.0 Fri 9/26/14 8:45 AM 12:00 AM 138.1 843 9.56 1.73 240 22.1 
T07 1.00 5.0 Sat 9/27/14 8:45 AM 9:21 AM 138.0 850 9.57 1.64 257 22.1 
T08 2.00 7.0 Mon 9/29/14 8:45 AM 9:11 AM 137.7 848 9.71 1.92 243 20.8 
T09 3.00 10.0 Thurs 10/2/14 8:45 AM 9:38 AM 137.6 848 9.89 1.99 256 21.3 
T10 4.00 14.0 Mon 10/6/14 8:45 AM 10:24 AM 137.5 840 9.91 2.04 212 21.2 
T11 7.00 21.0 Mon 10/13/14 8:45 AM 9:27 AM 137.3 845 10.08 2.18 204 21.6 
T12 7.00 28.0 Mon 10/20/14 8:45 AM 10:33 AM 137.4 850 10.19 2.12 210 21.6 
T13 7.00 35.0 Mon 10/27/14 8:45 AM 10:25 AM 137.0 850 9.06 4.63 191 20.9 
T14 7.00 42.0 Mon 11/3/14 8:45 AM 10:40 AM 136.9 845 10.14 2.29 198 20.8 
T15 7.00 49.0 Mon 11/10/14 8:45 AM 10:21 AM 136.6 850 10.17 1.94 194 20.7 
T16 14.00 63.0 Mon 11/24/14 8:45 AM 10:18 AM 135.9 842 10.35 2.19 237 20.9 








Replicate 2    Mass of Sample + Holder Final Mass 98.0 g 














































T01 0.08 0.08 Mon 9/22/14 10:45 AM 11:06 AM 138.7 830 7.76 1.49 304 23.2 
T02 0.21 0.29 Mon 9/22/14 3:42 PM 4:14 PM 138.7 835 8.63 1.65 273 21.8 
T03 0.71 1.00 Tue 9/23/14 8:45 AM 9:20 AM 138.5 842 9.42 1.90 263 22.6 
T04 1.00 2.0 Wed 9/24/14 8:45 AM 9:50 AM 138.6 850 9.58 1.96 223 21.2 
T05 1.00 3.0 Thurs 9/25/14 8:45 AM 9:30 AM 138.2 840 9.66 1.78 259 21.5 
T06 1.00 4.0 Fri 9/26/14 8:45 AM 9:23 AM 138.1 845 9.61 1.69 235 22.1 
T07 1.00 5.0 Sat 9/27/14 8:45 AM 9:13 AM 138.0 848 9.64 1.62 255 22.2 
T08 2.00 7.0 Mon 9/29/14 8:45 AM 9:39 AM 137.7 845 9.83 1.89 232 20.9 
T09 3.00 10.0 Thurs 10/2/14 8:45 AM 10:25 AM 137.4 845 9.95 1.97 250 21.3 
T10 4.00 14.0 Mon 10/6/14 8:45 AM 9:29 AM 137.3 840 10.06 2.01 231 21.2 
T11 7.00 21.0 Mon 10/13/14 8:45 AM 10:35 AM 137.0 845 10.27 2.18 197 21.7 
T12 7.00 28.0 Mon 10/20/14 8:45 AM 10:26 AM 137.0 835 10.27 2.13 204 21.7 
T13 7.00 35.0 Mon 10/27/14 8:45 AM 10:41 AM 136.7 840 10.33 2.07 186 20.9 
T14 7.00 42.0 Mon 11/3/14 8:45 AM 10:23 AM 136.5 845 10.21 1.96 184 20.8 
T15 7.00 49.0 Mon 11/10/14 8:45 AM 10:52 AM 136.2 850 10.26 1.85 194 20.7 
T16 14.00 63.0 Mon 11/24/14 8:45 AM 10:20 AM 135.8 842 10.42 2.07 228 20.9 







Replicate 3    Mass of Sample + Holder Final Mass 93.5 g 














































T01 0.08 0.08 Mon 9/22/14 10:45 AM 11:07 AM 138.2 830 7.93 1.50 298 23.2 
T02 0.21 0.29 Mon 9/22/14 3:42 PM 4:15 PM 138.3 850 8.62 1.62 272 21.8 
T03 0.71 1.00 Tue 9/23/14 8:45 AM 9:22 AM 138.1 845 9.37 1.92 270 22.6 
T04 1.00 2.0 Wed 9/24/14 8:45 AM 9:51 AM 138.0 850 9.56 1.93 218 21.8 
T05 1.00 3.0 Thurs 9/25/14 8:45 AM 9:32 AM 137.7 848 9.65 1.79 260 21.5 
T06 1.00 4.0 Fri 9/26/14 8:45 AM 9:25 AM 137.5 848 9.60 1.71 234 22.1 
T07 1.00 5.0 Sat 9/27/14 8:45 AM 9:15 AM 137.4 850 9.65 1.61 260 22.2 
T08 2.00 7.0 Mon 9/29/14 8:45 AM 9:41 AM 137.1 850 9.85 1.89 232 21 
T09 3.00 10.0 Thurs 10/2/14 8:45 AM 10:27 AM 136.9 850 9.99 1.98 250 21.3 
T10 4.00 14.0 Mon 10/6/14 8:45 AM 9:31 AM 136.6 842 10.05 2.01 228 21.2 
T11 7.00 21.0 Mon 10/13/14 8:45 AM 10:37 AM 136.5 850 10.25 2.12 202 21.7 
T12 7.00 28.0 Mon 10/20/14 8:45 AM 10:28 AM 136.3 848 10.30 2.14 215 21.7 
T13 7.00 35.0 Mon 10/27/14 8:45 AM 10:43 AM 136.3 850 10.34 2.04 189 20.9 
T14 7.00 42.0 Mon 11/3/14 8:45 AM 10:24 AM 136.1 842 10.32 2.00 179 20.8 
T15 7.00 49.0 Mon 11/10/14 8:45 AM 10:54 AM 135.6 850 10.26 1.91 203 20.2 
T16 14.00 63.0 Mon 11/24/14 8:45 AM 10:21 AM 135.4 845 10.40 2.13 227 20.9 







Composition: 60% fluorogypsum, 2% Portland type I/II cement, 38% class C fly ash 
Salinity: Saltwater 
 
Replicate 1    Mass of Sample + Holder Final Mass 95.4 g 














































T01 0.08 0.08 Mon 8/18/14 11:45 AM 11:47 AM 130.8 848 8.17 46.55 232 21.2 
T02 0.21 0.29 Mon 8/18/14 4:42 PM 4:42 PM 130.6 848 8.22 46.68 248 21.8 
T03 0.71 1.00 Tue 8/19/14 9:45 AM 10:01 AM 130.6 845 8.39 46.60 241 21.4 
T04 1.00 2.0 Wed 8/20/14 9:45 AM 9:54 AM 130.4 845 8.42 46.80 196 20.8 
T05 1.00 3.0 Thurs 8/21/14 9:45 AM 9:55 AM 130.1 850 8.37 47.00 215 21.1 
T06 1.00 4.0 Fri 8/22/14 9:45 AM 9:51 AM 129.9 850 8.35 47.40 251 21.4 
T07 1.00 5.0 Sat 8/23/14 9:45 AM 9:47 AM 129.7 850 8.34 42.07 250 21.3 
T08 2.00 7.0 Mon 8/25/14 9:45 AM 10:10 AM 129.4 848 8.41 47.57 239 21.6 
T09 3.00 10.0 Thurs 8/28/14 9:45 AM 9:23 AM 129.0 840 8.46 47.70 248 21.5 
T10 4.00 14.0 Mon 9/1/14 9:45 AM 11:03 AM 128.6 848 8.38 47.90 230 23.0 
T11 7.00 21.0 Mon 9/8/14 9:45 AM 10:29 AM 128.3 850 8.45 47.90 248 21.4 
T12 7.00 28.0 Mon 9/15/14 9:45 AM 10:06 AM 127.8 865 8.37 47.80 284 21.8 
T13 7.00 35.0 Mon 9/22/14 9:45 AM 9:37 AM 127.2 848 8.40 47.90 291 21.6 
T14 7.00 42.0 Mon 9/29/14 9:45 AM 10:03 AM 127.2 840 8.32 48.20 290 21.3 
T15 7.00 49.0 Mon 10/6/14 9:45 AM 10:28 AM 126.8 850 8.36 47.79 251 21.1 
T16 14.00 63.0 Mon 10/20/14 9:45 AM 11:20 AM 126.5 838 8.37 47.90 320 21.3 






Replicate 2    Mass of Sample + Holder Final Mass 95.5 g 














































T01 0.08 0.08 Mon 8/18/14 11:45 AM 11:48 AM 131.4 848 8.17 46.52 290 21.2 
T02 0.21 0.29 Mon 8/18/14 4:42 PM 4:43 PM 131.5 850 8.23 46.54 250 22.1 
T03 0.71 1.00 Tue 8/19/14 9:45 AM 10:03 AM 131.2 850 8.38 46.50 248 21.6 
T04 1.00 2.0 Wed 8/20/14 9:45 AM 9:55 AM 131.0 845 8.40 46.80 228 21.2 
T05 1.00 3.0 Thurs 8/21/14 9:45 AM 9:57 AM 130.8 850 8.38 47.40 245 21.6 
T06 1.00 4.0 Fri 8/22/14 9:45 AM 9:53 AM 130.6 850 8.36 47.50 258 21.4 
T07 1.00 5.0 Sat 8/23/14 9:45 AM 9:49 AM 130.4 850 8.34 47.32 261 21.6 
T08 2.00 7.0 Mon 8/25/14 9:45 AM 10:11 AM 130.1 848 8.41 47.57 246 21.5 
T09 3.00 10.0 Thurs 8/28/14 9:45 AM 9:25 AM 129.7 845 8.46 47.80 252 21.6 
T10 4.00 14.0 Mon 9/1/14 9:45 AM 11:04 AM 129.1 850 8.43 48.00 226 22.9 
T11 7.00 21.0 Mon 9/8/14 9:45 AM 10:30 AM 128.9 850 8.45 48.00 254 21.3 
T12 7.00 28.0 Mon 9/15/14 9:45 AM 10:07 AM 128.4 862 8.42 47.90 277 21.9 
T13 7.00 35.0 Mon 9/22/14 9:45 AM 9:38 AM 128.1 897 8.39 48.00 296 21.7 
T14 7.00 42.0 Mon 9/29/14 9:45 AM 10:05 AM 127.9 855 8.32 48.50 300 21.2 
T15 7.00 49.0 Mon 10/6/14 9:45 AM 10:30 AM 127.6 840 8.38 48.28 265 21.2 
T16 14.00 63.0 Mon 10/20/14 9:45 AM 11:22 AM 127.2 845 8.34 47.70 330 21.2 






Replicate 3    Mass of Sample + Holder Final Mass 95.7 g 














































T01 0.08 0.08 Mon 8/18/14 11:45 AM 11:50 AM 131.4 850 8.17 46.55 245 21.3 
T02 0.21 0.29 Mon 8/18/14 4:42 PM 4:45 PM 132.0 850 8.24 46.52 254 21.9 
T03 0.71 1.00 Tue 8/19/14 9:45 AM 10:06 AM 136.0 848 8.39 46.50 185 21.7 
T04 1.00 2.0 Wed 8/20/14 9:45 AM 9:57 AM 131.0 848 8.42 46.80 241 21.4 
T05 1.00 3.0 Thurs 8/21/14 9:45 AM 9:58 AM 130.7 848 8.38 47.10 247 21.7 
T06 1.00 4.0 Fri 8/22/14 9:45 AM 9:55 AM 130.6 850 8.36 47.50 259 21.4 
T07 1.00 5.0 Sat 8/23/14 9:45 AM 9:50 AM 130.5 845 8.35 47.32 260 21.7 
T08 2.00 7.0 Mon 8/25/14 9:45 AM 10:13 AM 129.9 850 8.42 47.54 251 21.7 
T09 3.00 10.0 Thurs 8/28/14 9:45 AM 9:27 AM 129.6 845 8.47 47.70 253 21.7 
T10 4.00 14.0 Mon 9/1/14 9:45 AM 11:06 AM 129.2 850 8.43 47.90 226 22.9 
T11 7.00 21.0 Mon 9/8/14 9:45 AM 10:32 AM 128.9 850 8.45 48.10 253 21.4 
T12 7.00 28.0 Mon 9/15/14 9:45 AM 10:09 AM 128.5 862 8.44 47.90 276 21.9 
T13 7.00 35.0 Mon 9/22/14 9:45 AM 9:41 AM 128.1 850 8.41 48.80 295 21.7 
T14 7.00 42.0 Mon 9/29/14 9:45 AM 10:06 AM 127.9 858 8.35 48.50 299 21.3 
T15 7.00 49.0 Mon 10/6/14 9:45 AM 10:31 AM 127.6 835 8.39 48.26 273 21.2 
T16 14.00 63.0 Mon 10/20/14 9:45 AM 11:23 AM 127.2 845 8.36 47.70 327 21.6 







Salinity: Brackish water 
 
Replicate 1    Mass of Sample + Holder Final Mass 95.1 g 














































T01 0.08 0.08 Mon 8/18/14 11:45 AM 11:51 AM 131.9 860 8.34 25.10 241 21.2 
T02 0.21 0.29 Mon 8/18/14 4:42 PM 4:47 PM 131.8 852 8.46 25.03 248 22.2 
T03 0.71 1.00 Tue 8/19/14 9:45 AM 10:07 AM 131.7 848 8.60 25.30 211 21.7 
T04 1.00 2.0 Wed 8/20/14 9:45 AM 9:59 AM 131.3 855 8.67 25.50 234 21.5 
T05 1.00 3.0 Thurs 8/21/14 9:45 AM 10:00 AM 131.1 860 8.64 25.40 238 21.7 
T06 1.00 4.0 Fri 8/22/14 9:45 AM 9:56 AM 130.7 862 8.63 25.70 268 21.5 
T07 1.00 5.0 Sat 8/23/14 9:45 AM 9:52 AM 130.6 858 8.65 25.53 251 21.7 
T08 2.00 7.0 Mon 8/25/14 9:45 AM 10:15 AM 130.3 852 8.74 25.80 245 21.6 
T09 3.00 10.0 Thurs 8/28/14 9:45 AM 9:30 AM 129.8 850 8.75 26.00 238 21.7 
T10 4.00 14.0 Mon 9/1/14 9:45 AM 11:08 AM 129.3 870 8.75 25.90 215 22.9 
T11 7.00 21.0 Mon 9/8/14 9:45 AM 10:33 AM 129.0 870 8.75 26.30 246 21.3 
T12 7.00 28.0 Mon 9/15/14 9:45 AM 10:11 AM 128.6 855 8.73 26.30 275 21.8 
T13 7.00 35.0 Mon 9/22/14 9:45 AM 9:45 AM 128.2 875 8.75 26.20 193 21.8 
T14 7.00 42.0 Mon 9/29/14 9:45 AM 10:08 AM 128.1 865 8.72 26.40 292 21.2 
T15 7.00 49.0 Mon 10/6/14 9:45 AM 10:33 AM 127.8 852 8.73 26.02 238 21.2 
T16 14.00 63.0 Mon 10/20/14 9:45 AM 11:25 AM 127.5 840 8.73 26.10 318 21.6 






Replicate 2    Mass of Sample + Holder Final Mass 96.1 g 














































T01 0.08 0.08 Mon 8/18/14 11:45 AM 11:53 AM 132.8 855 8.33 24.80 244 21.3 
T02 0.21 0.29 Mon 8/18/14 4:42 PM 4:49 PM 132.8 850 8.46 25.21 185 22.4 
T03 0.71 1.00 Tue 8/19/14 9:45 AM 10:08 AM 132.7 852 8.81 25.10 226 21.8 
T04 1.00 2.0 Wed 8/20/14 9:45 AM 10:00 AM 132.4 845 8.66 25.70 244 21.5 
T05 1.00 3.0 Thurs 8/21/14 9:45 AM 10:02 AM 132.1 868 8.66 25.30 246 21.7 
T06 1.00 4.0 Fri 8/22/14 9:45 AM 10:05 AM 132.0 862 8.65 25.70 260 21.5 
T07 1.00 5.0 Sat 8/23/14 9:45 AM 9:54 AM 131.4 860 8.64 25.51 254 21.7 
T08 2.00 7.0 Mon 8/25/14 9:45 AM 10:17 AM 131.2 852 8.72 25.95 250 21.5 
T09 3.00 10.0 Thurs 8/28/14 9:45 AM 9:32 AM 130.9 845 8.77 26.00 246 21.9 
T10 4.00 14.0 Mon 9/1/14 9:45 AM 11:09 AM 130.4 865 8.72 26.14 228 22.9 
T11 7.00 21.0 Mon 9/8/14 9:45 AM 10:35 AM 130.1 872 8.76 26.00 248 21.4 
T12 7.00 28.0 Mon 9/15/14 9:45 AM 10:12 AM 129.8 858 8.75 26.30 274 21.9 
T13 7.00 35.0 Mon 9/22/14 9:45 AM 9:47 AM 129.4 870 8.74 25.80 214 21.8 
T14 7.00 42.0 Mon 9/29/14 9:45 AM 10:10 AM 129.3 842 8.68 26.20 292 21.3 
T15 7.00 49.0 Mon 10/6/14 9:45 AM 10:34 AM 129.0 862 8.73 25.85 235 21.2 
T16 14.00 63.0 Mon 10/20/14 9:45 AM 11:26 AM 128.8 835 8.67 26.30 299 21.4 







Replicate 3    Mass of Sample + Holder Final Mass 95.8 g 














































T01 0.08 0.08 Mon 8/18/14 11:45 AM 11:54 AM 132.2 852 8.34 24.90 245 21.3 
T02 0.21 0.29 Mon 8/18/14 4:42 PM 4:50 PM 132.3 850 8.47 25.17 208 22.2 
T03 0.71 1.00 Tue 8/19/14 9:45 AM 10:09 AM 131.9 855 8.63 24.90 235 21.7 
T04 1.00 2.0 Wed 8/20/14 9:45 AM 10:02 AM 131.5 853 8.67 25.50 250 21.6 
T05 1.00 3.0 Thurs 8/21/14 9:45 AM 10:03 AM 131.3 860 8.66 25.40 247 21.8 
T06 1.00 4.0 Fri 8/22/14 9:45 AM 10:07 AM 131.2 858 8.66 25.60 253 21.5 
T07 1.00 5.0 Sat 8/23/14 9:45 AM 9:55 AM 130.9 860 8.65 25.44 256 21.7 
T08 2.00 7.0 Mon 8/25/14 9:45 AM 10:18 AM 130.5 860 8.76 25.90 255 21.6 
T09 3.00 10.0 Thurs 8/28/14 9:45 AM 9:34 AM 130.2 840 8.23 26.00 249 21.9 
T10 4.00 14.0 Mon 9/1/14 9:45 AM 11:11 AM 129.9 870 8.75 25.85 226 22.9 
T11 7.00 21.0 Mon 9/8/14 9:45 AM 10:36 AM 129.5 875 8.76 26.30 248 21.3 
T12 7.00 28.0 Mon 9/15/14 9:45 AM 10:14 AM 129.0 870 8.79 25.90 274 21.9 
T13 7.00 35.0 Mon 9/22/14 9:45 AM 9:49 AM 128.8 868 8.79 25.90 235 21.7 
T14 7.00 42.0 Mon 9/29/14 9:45 AM 10:11 AM 128.5 842 8.72 26.40 292 21.3 
T15 7.00 49.0 Mon 10/6/14 9:45 AM 10:36 AM 128.2 860 8.76 25.96 235 21.2 
T16 14.00 63.0 Mon 10/20/14 9:45 AM 11:28 AM 128.0 838 8.77 26.20 245 21.5 









Replicate 1    Mass of Sample + Holder Final Mass 98.1 g 














































T01 0.08 0.08 Mon 8/18/14 11:45 AM 11:56 AM 130.3 840 8.42 1.31 238 21.7 
T02 0.21 0.29 Mon 8/18/14 4:42 PM 4:52 PM 130.4 850 9.33 1.51 186 22.3 
T03 0.71 1.00 Tue 8/19/14 9:45 AM 10:14 AM 130.3 845 9.66 1.83 201 21.7 
T04 1.00 2.0 Wed 8/20/14 9:45 AM 10:04 AM 130.2 845 9.71 1.82 202 21.6 
T05 1.00 3.0 Thurs 8/21/14 9:45 AM 10:05 AM 129.8 848 9.78 1.73 208 21.8 
T06 1.00 4.0 Fri 8/22/14 9:45 AM 10:08 AM 129.7 850 9.75 1.63 206 21.6 
T07 1.00 5.0 Sat 8/23/14 9:45 AM 9:57 AM 129.5 848 9.85 1.55 208 21.8 
T08 2.00 7.0 Mon 8/25/14 9:45 AM 10:20 AM 129.3 845 10.06 1.76 203 21.5 
T09 3.00 10.0 Thurs 8/28/14 9:45 AM 9:36 AM 129.2 840 10.07 1.83 184 22 
T10 4.00 14.0 Mon 9/1/14 9:45 AM 11:12 AM 129.0 840 10.21 1.84 160 22.9 
T11 7.00 21.0 Mon 9/8/14 9:45 AM 10:37 AM 129.0 845 10.36 1.86 182 21.4 
T12 7.00 28.0 Mon 9/15/14 9:45 AM 10:16 AM 128.6 848 10.33 1.72 201 21.9 
T13 7.00 35.0 Mon 9/22/14 9:45 AM 9:50 AM 128.7 849 10.36 1.62 182 21.8 
T14 7.00 42.0 Mon 9/29/14 9:45 AM 10:13 AM 128.7 840 10.33 1.58 229 21.3 
T15 7.00 49.0 Mon 10/6/14 9:45 AM 10:37 AM 128.6 852 10.25 1.53 189 21.2 
T16 14.00 63.0 Mon 10/20/14 9:45 AM 11:30 AM 128.5 845 10.33 1.67 208 21.5 








Replicate 2    Mass of Sample + Holder Final Mass 99.7 g 














































T01 0.08 0.08 Mon 8/18/14 11:45 AM 11:58 AM 132.5 845 8.31 1.32 244 21.1 
T02 0.21 0.29 Mon 8/18/14 4:42 PM 4:53 PM 132.3 850 9.31 1.51 197 22.4 
T03 0.71 1.00 Tue 8/19/14 9:45 AM 10:16 AM 132.2 848 9.63 1.87 202 21.7 
T04 1.00 2.0 Wed 8/20/14 9:45 AM 10:05 AM 132.0 850 9.72 1.84 203 21.6 
T05 1.00 3.0 Thurs 8/21/14 9:45 AM 10:07 AM 131.8 850 9.79 1.75 205 21.7 
T06 1.00 4.0 Fri 8/22/14 9:45 AM 10:10 AM 131.6 850 9.80 1.66 210 21.6 
T07 1.00 5.0 Sat 8/23/14 9:45 AM 9:58 AM 131.5 852 9.85 1.58 210 21.8 
T08 2.00 7.0 Mon 8/25/14 9:45 AM 10:21 AM 131.2 845 10.60 1.80 202 21.5 
T09 3.00 10.0 Thurs 8/28/14 9:45 AM 9:38 AM 131.1 845 10.14 1.89 190 22.1 
T10 4.00 14.0 Mon 9/1/14 9:45 AM 11:14 AM 130.7 845 10.23 1.90 163 22.8 
T11 7.00 21.0 Mon 9/8/14 9:45 AM 10:39 AM 130.7 845 10.41 1.95 185 21.4 
T12 7.00 28.0 Mon 9/15/14 9:45 AM 10:18 AM 130.5 845 10.37 1.80 202 21.9 
T13 7.00 35.0 Mon 9/22/14 9:45 AM 9:53 AM 130.3 849 10.41 1.69 185 21.8 
T14 7.00 42.0 Mon 9/29/14 9:45 AM 10:15 AM 130.4 840 10.32 1.66 232 21.3 
T15 7.00 49.0 Mon 10/6/14 9:45 AM 10:39 AM 130.2 840 10.27 1.56 181 21.3 
T16 14.00 63.0 Mon 10/20/14 9:45 AM 11:31 AM 130.4 840 10.38 1.68 219 21.6 







Replicate 3    Mass of Sample + Holder Final Mass 100.0 g 














































T01 0.08 0.08 Mon 8/18/14 11:45 AM 11:59 AM 131.9 840 8.35 1.31 247 21.1 
T02 0.21 0.29 Mon 8/18/14 4:42 PM 4:56 PM 131.9 850 9.38 1.49 202 22.3 
T03 0.71 1.00 Tue 8/19/14 9:45 AM 10:18 AM 131.6 850 9.67 1.87 203 21.7 
T04 1.00 2.0 Wed 8/20/14 9:45 AM 10:07 AM 131.5 845 9.76 1.85 204 21.4 
T05 1.00 3.0 Thurs 8/21/14 9:45 AM 10:08 AM 131.2 850 9.8 1.73 209 21.8 
T06 1.00 4.0 Fri 8/22/14 9:45 AM 10:11 AM 131.0 850 9.83 1.63 217 21.5 
T07 1.00 5.0 Sat 8/23/14 9:45 AM 10:00 AM 131.0 850 9.83 1.55 211 21.8 
T08 2.00 7.0 Mon 8/25/14 9:45 AM 10:23 AM 130.8 848 10.06 1.71 202 21.6 
T09 3.00 10.0 Thurs 8/28/14 9:45 AM 9:40 AM 130.6 840 10.13 1.74 192 22.2 
T10 4.00 14.0 Mon 9/1/14 9:45 AM 11:16 AM 130.3 842 10.13 1.73 164 22.8 
T11 7.00 21.0 Mon 9/8/14 9:45 AM 10:40 AM 130.4 848 10.36 1.76 191 21.4 
T12 7.00 28.0 Mon 9/15/14 9:45 AM 10:19 AM 130.3 845 10.36 1.66 195 21.9 
T13 7.00 35.0 Mon 9/22/14 9:45 AM 9:54 AM 130.3 850 10.37 1.56 193 21.8 
T14 7.00 42.0 Mon 9/29/14 9:45 AM 10:17 AM 130.0 838 10.32 1.55 230 21.3 
T15 7.00 49.0 Mon 10/6/14 9:45 AM 10:41 AM 130.1 848 10.25 1.49 187 21.2 
T16 14.00 63.0 Mon 10/20/14 9:45 AM 11:33 AM 130.5 840 10.38 1.58 220 21.6 












Appendix Figure B - 1. Comparison of specimens of composition 90-10-0 
(%pFG-%PC-%FA) unexposed (a) and exposed for 77 days to saltwater (b), brackish 





Appendix Figure B - 2.Comparison of specimens of composition 90-10-0 
(%pFG-%PC-%FA) unexposed (a) and exposed for 77 days to saltwater (b), brackish 








Appendix Figure B - 3. Comparison of specimens of composition 80-10-10 
(%pFG-%PC-%FA) unexposed (a) and exposed for 77 days to saltwater (b), brackish 
water (c), and freshwater (d) to detect rupture development.  
Composition: 80-6-14 
 
Appendix Figure B - 4. Comparison of specimens of composition 80-6-14 
(%pFG-%PC-%FA) unexposed (a) and exposed for 77 days to saltwater (b), brackish 
water (c), and freshwater (d) to detect rupture development.  
Composition: 80-2-18 
 
Appendix Figure B - 5. Comparison of specimens of composition 80-2-18 
(%pFG-%PC-%FA) unexposed (a) and exposed for 77 days to saltwater (b), brackish 







Appendix Figure B - 6.Comparison of specimens of composition 70-10-20 
(%pFG-%PC-%FA) unexposed (a) and exposed for 77 days to saltwater (b), brackish 
water (c), and freshwater (d) to detect rupture development.  
Composition: 70-6-24 
 
Appendix Figure B - 7.Comparison of specimens of composition 70-6-24 
(%pFG-%PC-%FA) unexposed (a) and exposed for 77 days to saltwater (b), brackish 
water (c), and freshwater (d) to detect rupture development.  
Composition: 70-2-28 
 
Appendix Figure B - 8.Comparison of specimens of composition 70-2-28 
(%pFG-%PC-%FA) unexposed (a) and exposed for 77 days to saltwater (b), brackish 







Appendix Figure B - 9.Comparison of specimens of composition 60-10-30 
(%pFG-%PC-%FA) unexposed (a) and exposed for 77 days to saltwater (b), brackish 
water (c), and freshwater (d) to detect rupture development.  
Composition: 60-6-34 
 
Appendix Figure B - 10.Comparison of specimens of composition 60-6-34 
(%pFG-%PC-%FA) unexposed (a) and exposed for 77 days to saltwater (b), brackish 
water (c), and freshwater (d) to detect rupture development.  
Composition: 60-2-38 
 
Appendix Figure B - 11.Comparison of specimens of composition 60-2-38 
(%pFG-%PC-%FA) unexposed (a) and exposed for 77 days to saltwater (b), brackish 






Appendix C. Non-pressurized Specimen Sulfate and Calcium Release 
Composition: 75-3-22 
Salinity: Saltwater (30 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.90 4.06 9.28 13.24 17.98 21.43 24.52 30.70 35.54 42.06 51.01 60.80  64.53 71.35  79.36 87.04 
2 1.94 4.47 9.52 13.80 18.68 21.78 24.03 30.09 34.91 40.97 49.09 57.22  67.61 75.61  83.64 90.95 
3 1.25 4.01 8.59 12.24 15.85 19.51 22.27 27.80 33.34 38.71 46.40 54.30  63.63 70.77  77.75 85.61 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 
Not measured 2 
3 
 
Salinity: Brackish water (15 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.13 3.93 8.41 14.26 19.67 24.41 29.42 35.89 42.14 49.49 56.01 63.16  72.74 77.78  86.29 93.34 
2 0.92 3.79 9.34 14.95 20.83 26.18 31.15 37.94 44.71 52.30 59.16 65.17  75.02 80.48  89.31 96.20 
3 1.52 4.08 9.50 14.96 20.36 25.29 29.40 35.44 41.59 48.71 56.29 63.72  73.25 78.63  88.12 94.22 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 








Salinity: Freshwater (0.5 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.90 4.06 9.28 13.24 17.98 21.43 24.52 30.70 35.54 42.06 51.01 60.80  64.53 71.35  79.36 87.04 
2 1.94 4.47 9.52 13.80 18.68 21.78 24.03 30.09 34.91 40.97 49.09 57.22  67.61 75.61  83.64 90.95 
3 1.25 4.01 8.59 12.24 15.85 19.51 22.27 27.80 33.34 38.71 46.40 54.30  63.63 70.77  77.75 85.61 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 




Salinity: Saltwater (30 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.99 5.44 10.66 18.81 23.24 27.51 30.30 35.87 43.49 47.65 55.46 67.32  78.39 86.53  95.82 104.94 
2 1.66 4.92 9.06 10.50 16.54 20.59 22.79 29.03 36.87 42.25 50.67 61.21  71.72 79.59  88.42 97.60 
3 1.67 5.05 9.44 10.27 16.26 20.31 22.76 28.81 36.68 43.27 51.11 62.21  72.39 78.96  88.27 97.57 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 







Salinity: Brackish water (15 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.97 5.29 11.44 18.50 22.43 27.61 30.71 34.31 37.94 44.59 56.48 65.80  76.65 85.02  93.63 102.70 
2 2.24 5.70 11.36 17.79 21.81 26.40 29.27 31.95 37.39 38.70 51.05 59.87  69.74 78.00  86.86 95.80 
3 2.66 5.92 11.25 17.26 22.04 26.97 29.22 32.12 37.99 47.87 60.05 68.56  78.66 86.32  94.42 102.86 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 
Not measured 2 
3 
 
Salinity: Freshwater (0.5 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.90 4.06 9.28 13.24 17.98 21.43 24.52 30.70 35.54 42.06 51.01 60.80  64.53 71.35  79.36 87.04 
2 1.94 4.47 9.52 13.80 18.68 21.78 24.03 30.09 34.91 40.97 49.09 57.22  67.61 75.61  83.64 90.95 
3 1.25 4.01 8.59 12.24 15.85 19.51 22.27 27.80 33.34 38.71 46.40 54.30  63.63 70.77  77.75 85.61 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 








Salinity: Saltwater (30 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 -1.05 3.21 8.60 13.73 17.24 22.49 25.09 30.68 35.23 41.24 48.80 54.87  62.58 67.18  72.44 77.83 
2 1.45 5.31 10.27 14.57 17.65 22.47 24.91 29.79 34.32 40.11 47.14 52.37  60.29 63.31  68.86 75.49 
3 2.28 5.22 10.74 14.42 17.82 22.78 25.33 29.92 33.89 39.27 45.83 51.26  59.39 63.90  69.52 75.00 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.21 1.94 4.13 6.23 7.98 10.19 11.24 13.32 15.54 18.12 21.53 24.46  28.53 30.63  33.78 36.55 
2 0.98 2.02 4.26 6.54 8.28 10.35 11.57 13.57 15.78 18.18 21.38 24.04  28.28 30.34  33.59 36.64 
3 0.78 1.84 4.17 6.41 8.00 10.17 11.28 13.20 15.38 17.61 20.87 23.99  28.18 30.36  33.61 36.62 
 
Salinity: Brackish water (15 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.54 3.76 8.52 12.85 17.79 21.63 25.13 30.00 34.59 40.94 49.22 54.96  61.90 66.00  72.69 79.44 
2 1.84 5.14 9.97 14.20 17.81 21.52 24.71 29.52 33.98 39.98 47.99 54.09  61.08 65.16  72.21 78.58 
3 -0.11 2.78 7.08 11.28 15.01 18.46 20.99 26.08 31.22 37.03 45.39 51.32  57.41 61.21  68.23 75.37 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 







Salinity: Freshwater (0.5 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.07 5.13 12.00 17.94 21.72 25.36 28.50 33.15 38.12 43.38 49.83 55.93  63.21 68.33  74.05 78.70 
2 2.12 5.64 11.05 17.18 21.06 24.79 27.85 31.85 36.63 41.30 46.84 51.90  58.13 62.70  68.35 72.54 
3 2.43 5.71 11.68 17.24 21.08 24.92 28.19 32.62 37.55 42.47 49.06 55.11  62.44 67.31  73.09 77.84 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 




Salinity: Saltwater (30 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.49 6.55 13.14 18.59 23.97 29.79 33.00 39.97 48.39 55.17 64.02 73.33  82.99 90.32 96.47 103.41 110.61 
2 1.96 5.46 11.59 16.94 22.52 28.33 30.98 38.15 46.18 52.63 61.43 70.96  79.10 86.50 92.47 101.08 109.13 
3 1.70 4.62 10.21 15.48 19.88 25.32 29.00 34.00 41.49 49.18 58.03 66.66  75.99 83.50 89.64 97.15 104.35 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 







Salinity: Brackish water (15 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 3.26 7.04 13.19 17.67 23.20 28.68 33.59 39.75 47.16 53.26 62.80 72.80  83.70 92.03 97.74 103.90 110.95 
2 3.06 6.85 12.23 17.26 22.85 28.56 33.59 40.09 47.53 54.86 63.38 72.63  82.44 90.15 96.14 102.19 109.36 
3 2.57 6.11 11.33 16.39 22.11 27.64 32.62 38.59 46.43 53.22 62.50 71.39  80.96 88.80 94.88 101.07 108.06 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 
Not measured 2 
3 
 
Salinity: Freshwater (0.5 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.54 5.81 11.50 17.16 21.79 26.03 29.96 35.80 42.35 49.14 57.22 64.36  73.27 80.85 88.02 94.84 103.40 
2 2.61 5.99 10.35 16.02 20.68 25.04 29.21 35.18 41.51 48.03 56.05 63.24  72.50 80.22 87.28 94.39 102.39 
3 2.70 5.90 11.33 17.19 22.16 26.59 30.76 36.68 43.29 50.05 58.73 65.98  75.26 83.24 90.58 98.05 106.93 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 








Salinity: Saltwater (30 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.71 6.33 13.86 19.28 25.08 29.73 32.94 38.08 44.44 51.33 58.39 65.57 70.48 72.72 81.32  90.07 97.48 
2 2.33 5.90 12.86 18.89 24.83 28.14 31.38 36.31 41.91 48.38 56.36 64.57 69.43 72.47 81.17  91.01 100.61 
3 2.51 6.37 13.99 20.46 25.07 28.51 32.40 36.90 42.36 48.91 53.67 60.98 65.43 68.06 86.25  84.21 93.84 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 
Not measured 2 
3 
 
Salinity: Brackish water (15 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.62 5.76 12.77 18.50 24.10 28.93 32.69 38.93 46.05 51.76 59.94 67.33 73.79 73.11 78.07  85.80 94.23 
2 1.73 4.55 10.54 15.60 21.16 26.31 30.39 36.49 44.32 53.17 61.02 67.92 73.89 75.43 82.26  91.45 100.69 
3 1.79 4.99 10.79 16.49 22.06 26.30 30.22 38.50 45.64 53.52 63.37 71.34 78.93 79.55 88.39  94.32 103.36 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 







Salinity: Freshwater (0.5 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.30 5.16 11.10 17.41 22.15 26.74 31.61 37.53 44.84 52.63 60.72 68.59 77.86 77.77 85.05  94.03 102.46 
2 1.76 4.96 10.75 17.13 22.00 26.53 31.18 36.98 43.88 51.87 59.53 67.42 76.62 75.89 82.98  91.68 99.82 
3 1.76 5.03 11.05 17.29 22.50 27.49 32.14 37.80 44.89 53.08 60.93 68.40 77.33 76.45 96.76  91.90 99.59 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 
Not measured 2 
3 
Composition: 77-2-21 
Salinity: Saltwater (30 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 3.70 6.58 11.28 16.46 20.18 26.19 31.56 35.94 42.49 51.27 61.36 70.17 78.32 85.62 93.68  99.74 106.71 
2 3.43 6.19 10.43 14.28 17.07 23.02 26.86 30.35 37.07 45.86 54.16 61.59 69.89 78.23 86.47  92.25 100.67 
3 3.28 6.23 12.84 17.23 21.35 27.33 31.24 35.35 41.26 48.74 55.49 62.46 69.12 78.05 77.75  93.28 102.25 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 







Salinity: Brackish water (15 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.32 5.47 9.76 14.48 18.44 22.01 26.52 31.68 39.45 48.20 55.74 63.70 71.84 80.27 88.15  95.81 104.63 
2 2.09 5.07 9.86 14.65 18.39 21.74 25.35 30.54 37.07 46.03 54.27 63.55 72.47 81.02 88.52  94.81 103.42 
3 2.01 4.39 9.38 14.08 17.62 20.51 24.43 30.09 37.67 45.84 52.20 61.48 71.18 80.25 88.12  97.37 106.82 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 
Not measured 2 
3 
 
Salinity: Freshwater (0.5 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.71 4.82 10.62 16.45 21.83 26.66 31.03 37.15 44.83 52.19 60.43 68.80 77.89 86.75 92.10  101.92 109.27 
2 2.00 5.31 10.57 16.15 20.96 25.67 30.06 35.38 42.00 49.39 57.50 65.81 74.56 82.73 87.72  96.85 104.10 
3 2.05 5.85 12.01 18.43 24.03 29.21 33.80 40.12 48.12 55.83 64.55 73.40 82.90 91.37 93.03  106.67 114.44 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 








Salinity: Saltwater (30 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.70 4.26 8.92 14.25 18.58 21.71 25.48 31.87 37.33 43.60 52.60 61.62 68.90 78.44 87.38  97.54 105.74 
2 1.71 4.28 7.72 13.73 17.83 20.23 23.40 29.73 35.30 41.50 50.34 59.07 66.01 76.28 83.92  92.52 99.66 
3 1.06 3.51 6.86 12.81 17.10 20.23 23.99 30.31 35.59 42.06 50.39 59.66 67.71 77.37 84.98  94.75 102.71 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.89 4.65 7.44 9.62 10.85 15.26 17.15 20.71 24.30 27.79 31.61 35.33 38.77 44.05 46.58  51.78 56.50 
2 2.16 4.36 6.58 9.62 10.85 13.61 16.05 19.91 24.11 27.64 30.93 34.69 40.38 44.22 44.78  49.97 53.56 
3 2.43 5.19 7.98 10.74 13.67 17.00 18.60 21.06 24.64 27.55 30.85 34.34 38.09 41.97 42.26  46.34 50.77 
 
Salinity: Brackish water (15 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.54 4.49 8.69 14.50 20.02 27.14 33.20 39.77 47.18 55.50 64.51 72.71 80.69 89.91 97.42  104.08 108.75 
2 0.92 3.95 8.73 15.14 20.48 25.75 31.66 38.01 45.26 52.66 61.02 68.49 76.15 85.66 92.81  99.05 103.23 
3 1.39 3.59 8.38 14.91 19.99 25.14 31.01 37.06 43.44 50.07 55.47 62.27 68.88 77.54 83.21  90.27 93.49 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 0.90 2.08 4.72 7.25 10.63 14.25 16.80 20.45 25.25 29.82 34.19 38.87 43.87 48.95 50.88  55.98 60.62 
2 0.73 2.17 5.26 9.00 10.89 14.16 17.49 21.52 26.34 30.23 36.50 41.72 46.35 51.31 53.71  58.95 64.42 






Salinity: Freshwater (0.5 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.30 3.52 9.34 15.31 21.72 26.72 31.58 37.85 43.40 46.74 50.16 52.89 55.52 57.84 60.04  63.19 66.66 
2 1.18 3.22 8.84 14.24 20.69 25.69 31.00 37.19 42.19 44.75 47.90 50.04 52.28 54.28 56.20  58.76 61.69 
3 1.38 3.74 9.65 15.46 21.95 27.14 33.04 39.76 45.97 49.99 54.17 57.32 60.98 64.33 67.35  71.73 75.93 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 0.58 1.56 3.59 5.79 7.81 9.72 11.38 13.48 15.50 17.19 19.01 20.67 22.26 23.58 24.90  26.79 29.01 
2 0.48 1.39 3.34 5.37 7.32 9.06 10.50 12.50 14.28 15.71 17.41 18.88 20.32 21.57 22.85  25.01 26.46 
3 0.59 1.61 3.65 5.93 7.96 9.93 11.77 14.15 16.44 18.46 20.67 22.47 24.63 26.45 28.15  31.03 33.26 
 
Composition: 90-2-8 
Salinity: Saltwater (30 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.47 4.67 10.01 16.09 19.39 25.38 30.61 39.40 45.40 54.16 64.45 74.38 83.71 92.88 101.69  107.29 117.82 
2 1.09 3.88 8.72 14.72 18.75 24.21 27.96 35.78 41.88 49.75 60.16 70.42 79.14 88.01 98.82  105.75 116.95 
3 1.37 4.26 8.54 14.47 18.11 23.99 27.90 36.11 41.94 49.02 59.52 69.48 78.41 87.06 95.40  99.96 108.82 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.35 2.77 5.09 7.71 11.33 14.17 16.67 21.62 29.36 33.78 37.24 42.97 47.99 53.77 57.87  62.12 67.83 
2 2.07 3.34 5.08 7.99 12.44 18.12 23.06 27.62 33.93 37.81 42.52 47.14 51.47 56.06 61.13  66.09 72.20 






Salinity: Brackish water (15 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.99 5.76 14.11 21.61 27.68 34.76 39.04 45.60 53.77 61.86 70.66 78.75 89.65 97.51 105.07  113.27 124.94 
2 1.79 5.76 13.89 21.36 27.66 34.75 39.70 47.02 54.26 62.11 70.57 78.66 89.06 96.58 105.38  114.12 127.35 
3 1.94 6.01 13.97 21.51 27.55 34.46 39.55 46.96 55.51 64.08 72.16 81.01 88.43 96.22 102.58  110.20 122.19 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 0.54 2.17 5.34 9.50 13.54 16.97 19.67 24.55 29.03 32.82 35.80 40.55 45.26 48.23 51.91  56.21 60.54 
2 0.88 2.67 6.09 10.43 14.33 17.14 19.24 22.79 27.26 31.57 34.90 40.00 44.70 47.91 51.59  56.27 61.69 
3 0.80 2.04 4.44 7.51 11.38 14.87 17.24 21.40 26.40 30.94 34.97 38.51 42.69 45.79 49.28  53.58 58.31 
 
Salinity: Freshwater (0.5 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.74 4.72 10.32 18.12 26.01 31.72 38.51 46.97 56.44 64.76 74.71 82.46 91.95 101.05 107.98  116.71 126.93 
2 1.66 4.63 10.14 17.48 25.32 31.15 37.95 46.34 55.60 65.24 75.11 82.18 91.36 99.88 106.91  115.50 125.51 
3 1.64 4.55 10.12 17.73 25.70 31.81 38.09 46.18 55.28 64.06 74.12 81.81 91.42 100.77 107.77  116.53 127.02 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 0.74 1.99 4.42 7.00 9.38 11.54 13.67 16.58 19.91 23.23 26.90 30.58 34.19 37.70 39.60  41.94 46.18 
2 0.68 1.94 4.26 6.69 9.01 11.29 13.44 16.24 19.54 22.76 26.34 29.61 33.20 36.50 38.40  40.70 42.97 







Salinity: Saltwater (30 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.56 3.17 7.09 12.50 19.50 23.32 26.81 30.42 37.08 42.92 49.56 55.56 60.89 65.38 69.09  74.38 79.72 
2 1.87 4.11 8.06 14.21 21.02 24.99 28.57 34.38 41.15 46.82 53.23 61.09 67.58 72.12 75.68  82.61 87.73 
3 2.23 3.27 9.09 13.94 19.25 25.35 28.99 33.92 40.25 44.53 52.01 58.22 63.74 67.91 70.93  76.53 82.24 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 0.76 2.28 4.85 8.16 10.73 15.88 17.43 18.76 20.89 23.91 28.03 31.66 34.96 38.73 41.82  47.59 52.31 
2 0.48 1.72 4.29 7.32 10.18 12.70 15.79 17.95 20.70 21.74 27.49 32.23 36.66 41.13 45.07  50.53 55.84 
3 1.31 2.55 5.12 7.72 10.86 13.83 16.23 18.11 21.98 24.42 27.42 31.74 35.59 39.49 41.31  46.19 51.24 
 
Salinity: Brackish water (15 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.96 4.36 9.83 16.16 23.47 28.22 32.78 39.24 45.52 53.46 61.27 68.59 76.43 83.65 89.54  97.23 102.71 
2 2.50 5.59 11.33 17.40 24.09 28.67 32.76 39.99 46.90 54.10 61.02 67.85 73.93 80.43 84.83  91.95 97.46 
3 1.33 2.77 8.21 16.95 23.26 26.79 29.31 35.64 43.08 49.26 57.20 64.37 71.42 76.63 80.67  88.48 93.93 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.36 4.63 7.64 10.96 14.40 17.35 20.12 23.09 26.36 29.79 34.95 40.60 44.82 50.47 55.98  62.66 69.29 
2 1.53 3.61 6.44 10.55 13.73 15.56 18.33 21.16 24.43 27.90 32.10 36.82 41.66 47.20 51.49  57.37 63.74 






Salinity: Freshwater (0.5 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.24 3.03 7.35 11.75 15.52 17.92 19.22 20.93 22.15 23.22 24.31 25.09 25.96 26.90 28.09  29.81 32.08 
2 1.34 3.23 8.60 13.28 17.07 19.99 21.91 23.95 25.36 26.66 27.87 28.75 29.65 30.61 31.81  33.63 35.98 
3 1.27 2.90 7.46 11.79 14.93 17.14 18.43 19.98 21.02 21.98 22.93 23.71 24.55 25.45 26.61  28.50 30.64 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 0.65 1.68 3.65 5.57 7.05 7.93 8.91 9.84 10.56 11.42 12.07 12.71 13.31 13.92 14.57  15.58 16.89 
2 0.80 1.60 3.57 5.57 7.31 8.52 9.45 10.42 11.20 12.17 12.88 13.60 14.15 14.75 15.44  16.59 17.82 
3 0.72 1.65 3.55 5.49 6.70 7.76 8.35 9.31 10.02 10.99 11.69 12.29 12.87 13.63 14.23  15.33 16.60 
 
Composition: 80-6-14 
Salinity: Saltwater (30 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.74 5.33 11.82 18.78 23.78 28.75 32.61 38.99 47.01 52.69 60.37 66.28 72.01 78.39 88.23  99.47 110.87 
2 0.73 4.18 10.80 17.82 23.22 27.75 31.55 37.47 45.21 50.90 60.04 66.32 74.59 82.82 92.21  101.64 111.84 
3 1.54 5.44 11.72 17.93 21.67 25.42 29.21 36.26 44.34 48.63 55.50 62.84 68.82 75.81 82.31  90.32 101.23 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.08 3.35 5.77 7.69 10.08 13.32 15.90 18.58 23.13 27.30 32.22 35.73 38.58 42.09 45.79  49.85 53.92 
2 0.79 2.23 4.36 6.84 10.08 13.60 16.18 19.42 25.09 30.11 35.88 40.79 45.89 49.41 52.82  57.45 61.79 






Salinity: Brackish water (15 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.39 5.25 12.00 19.63 27.25 34.11 40.44 47.95 55.69 64.85 74.44 83.70 91.97 99.01 106.36  115.50 123.95 
2 1.77 5.47 11.42 17.41 25.11 31.88 38.50 46.47 55.34 63.53 72.61 81.63 89.95 98.57 105.89  117.20 125.68 
3 1.41 5.13 11.97 18.24 25.98 32.65 39.57 47.71 55.78 64.61 74.28 83.34 90.70 98.33 104.72  114.72 124.43 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.32 5.32 11.57 15.61 19.76 24.88 29.46 33.26 38.01 43.27 49.31 55.24 60.98 65.13 71.56  76.51 82.33 
2 1.29 3.45 7.42 10.95 15.79 19.18 22.73 28.08 32.14 37.06 41.89 45.92 50.63 55.80 61.20  64.26 70.25 
3 1.63 4.12 8.96 12.14 19.05 22.03 24.71 29.03 33.09 38.70 43.70 48.77 53.30 58.31 62.67  66.93 72.75 
 
Salinity: Freshwater (0.5 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.80 4.76 9.64 14.87 20.28 25.20 29.73 35.89 42.71 49.57 57.18 65.25 72.67 79.08 85.58  94.03 101.67 
2 1.59 4.82 10.13 15.43 20.90 25.68 30.08 36.51 43.70 50.84 59.17 67.24 75.33 82.57 89.64  98.26 106.78 
3 1.16 4.03 8.82 14.17 19.19 24.08 28.54 34.44 40.99 47.42 55.47 63.43 70.94 77.69 84.11  92.17 100.28 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 0.69 1.89 4.03 6.30 8.44 10.63 12.43 14.61 17.70 20.96 24.25 27.41 30.24 33.02 35.86  39.57 42.98 
2 0.96 2.50 4.79 7.00 9.33 10.91 12.86 15.46 17.87 21.22 24.89 27.99 31.39 34.68 37.26  41.23 44.92 







Salinity: Saltwater (30 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 0.97 3.72 10.02 17.40 23.86 28.71 33.63 39.82 46.97 54.59 63.49 71.50 80.46 88.81 94.89  104.93 112.63 
2 1.52 5.91 11.69 19.03 25.33 29.88 34.59 40.24 46.65 54.22 62.06 70.14 78.32 85.67 92.12  101.60 109.41 
3 1.16 3.35 9.60 15.63 26.07 30.82 36.61 44.35 50.64 58.32 66.89 73.60 81.90 91.42 97.29  107.42 113.74 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 -0.55 1.74 5.08 8.01 17.19 19.74 22.17 23.61 26.43 29.27 31.17 33.18 37.07 40.39 44.17  47.58 50.04 
2 1.42 4.26 7.31 11.09 14.92 22.48 24.38 26.38 29.75 32.57 39.48 47.15 50.84 55.00 58.79  61.95 64.91 
3 -1.65 1.19 4.25 9.26 13.66 15.68 18.15 20.69 23.71 26.82 29.57 33.27 37.20 41.31 44.25  42.58 50.32 
 
Salinity: Brackish water (15 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.39 5.28 12.34 19.31 25.30 30.70 36.28 42.84 52.55 60.69 70.79 80.42 89.42 98.77 104.62  114.76 123.72 
2 1.79 4.63 13.58 20.40 25.97 31.11 36.10 42.64 51.30 58.88 68.36 77.59 86.62 96.47 102.22  111.77 120.40 
3 2.81 5.53 16.59 24.06 29.28 34.89 38.50 45.05 52.66 61.07 71.08 80.32 91.03 100.64 106.75  117.48 126.44 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.95 4.07 8.64 11.97 17.61 21.60 24.51 28.54 31.83 35.60 40.86 43.67 46.68 51.11 55.47  60.58 68.34 
2 1.86 4.60 8.13 11.46 18.99 22.40 26.26 30.79 34.36 39.46 44.20 47.86 51.16 55.74 59.93  64.57 71.62 






Salinity: Freshwater (0.5 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.84 4.35 9.59 15.44 20.91 25.30 29.34 35.03 40.94 47.23 55.07 62.69 69.46 76.04 83.41  90.80 98.10 
2 1.87 4.44 9.76 15.86 21.22 25.68 29.70 35.53 41.71 48.43 56.60 65.15 71.83 78.88 86.33  95.11 103.11 
3 1.89 4.37 10.08 16.32 21.94 26.41 30.55 36.36 42.64 49.31 57.68 66.36 73.95 81.27 89.19  97.79 105.84 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 0.84 2.50 4.82 7.10 9.92 11.96 13.68 16.19 18.76 21.50 24.67 28.23 31.82 35.23 38.23  42.61 46.06 
2 0.95 2.32 4.11 6.45 8.94 10.97 12.73 15.17 18.34 21.42 24.89 27.87 31.42 34.80 37.72  41.37 45.30 
3 0.61 1.71 3.57 5.73 7.95 9.83 11.82 14.41 17.05 20.35 23.21 27.08 30.48 33.63 36.24  39.79 43.45 
 
Composition: 70-10-20 
Salinity: Saltwater (30 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 0.51 2.12 6.72 11.83 15.48 19.85 24.33 28.74 34.53 39.12 44.39 48.46 53.27 57.68 62.65  67.97 72.62 
2 0.33 1.67 5.99 10.50 14.33 18.16 22.25 26.99 32.52 37.21 42.03 45.93 50.79 55.55 61.50  68.11 72.75 
3 0.47 2.20 7.19 11.94 16.10 20.08 24.36 29.43 34.75 38.72 43.78 47.78 53.02 58.43 63.10  67.18 71.34 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 0.79 1.87 4.43 7.19 9.56 12.28 13.61 16.54 19.61 23.64 26.50 31.00 34.40 42.22 45.96  50.30 54.36 
2 0.23 1.87 3.04 5.50 8.69 9.19 10.53 12.05 14.54 18.53 20.82 21.98 25.66 29.51 32.71  43.12 48.30 






Salinity: Brackish water (15 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.42 4.81 10.18 16.66 20.92 24.67 28.31 33.13 38.44 43.97 48.74 53.62 58.90 64.20 69.25  75.21 83.26 
2 2.69 5.25 11.25 17.76 21.70 25.44 29.67 34.06 39.51 45.11 49.75 56.71 61.70 66.36 71.81  78.46 84.43 
3 1.52 3.99 9.32 14.63 18.90 22.43 25.82 30.37 35.57 41.26 46.22 51.27 56.13 62.92 70.09  77.96 84.91 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.70 2.47 4.47 6.73 9.17 10.36 12.14 13.36 15.95 19.09 22.87 26.44 29.18 32.38 35.23  38.48 43.06 
2 1.89 3.02 5.24 7.12 9.11 10.28 12.23 13.46 16.40 19.85 24.37 27.94 30.50 33.36 36.22  39.48 42.91 
3 1.29 2.07 4.05 7.58 9.50 11.20 12.37 13.75 17.03 20.84 25.02 29.09 32.38 36.26 39.74  44.04 48.14 
 
Salinity: Freshwater (0.5 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.45 3.35 7.11 10.50 12.96 14.73 16.05 17.71 19.14 20.53 22.26 24.02 26.16 28.14 30.46  33.71 36.60 
2 1.74 3.88 8.12 12.14 15.00 16.88 18.25 19.94 21.45 22.92 24.62 26.25 28.35 30.23 32.37  35.89 38.74 
3 1.46 3.31 7.12 10.24 12.35 13.96 15.18 16.94 18.56 20.23 22.27 24.27 26.65 28.90 31.38  35.08 38.52 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 0.65 1.65 3.07 4.41 5.18 5.88 6.45 7.12 7.71 8.49 9.44 10.38 11.30 12.25 13.27  14.75 16.04 
2 0.88 1.72 3.44 5.02 6.13 6.94 7.51 8.22 8.89 9.59 10.40 11.07 11.95 12.91 13.85  15.41 16.78 







Salinity: Saltwater (30 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.52 3.88 7.93 12.50 18.87 23.08 28.16 34.09 42.05 46.89 54.28 60.53 67.44 76.97 83.38  91.37 101.57 
2 1.94 4.55 9.06 14.31 19.98 24.26 28.56 33.61 41.19 44.83 51.23 57.83 64.66 72.02 78.58  87.92 98.01 
3 1.50 3.29 7.96 14.00 19.82 23.94 27.67 32.68 40.89 45.80 53.53 59.31 66.87 73.65 80.82  88.73 97.48 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 3.14 6.29 9.39 12.33 15.19 17.99 19.97 22.53 25.09 28.61 32.95 36.99 41.30 44.38 48.25  53.59 58.42 
2 1.70 6.54 11.85 15.36 18.21 20.73 23.85 25.57 28.69 32.22 36.86 40.10 44.17 46.72 50.85  55.11 60.23 
3 1.99 7.71 10.80 14.02 17.56 21.22 22.95 26.07 28.36 32.45 36.53 40.28 45.19 48.84 52.99  58.09 62.92 
 
Salinity: Brackish water (15 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.67 5.61 11.22 17.26 22.05 25.96 30.31 37.49 44.45 51.79 60.18 69.37 76.45 82.76 89.86  95.54 102.96 
2 1.43 4.95 9.53 14.93 19.98 23.78 28.27 36.12 44.62 52.11 60.78 69.21 77.13 84.37 90.64  96.32 104.86 
3 1.91 4.93 11.55 17.62 21.69 25.18 28.86 37.26 44.31 50.73 58.53 67.36 74.69 81.90 88.79  94.47 102.50 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.97 4.42 7.64 10.81 14.00 17.59 19.87 23.03 26.17 30.17 35.00 40.04 44.53 47.76 51.69  56.46 62.48 
2 1.62 3.80 6.31 9.13 12.51 15.75 18.00 21.44 25.67 30.42 35.74 40.94 45.33 49.48 53.40  58.19 63.49 






Salinity: Freshwater (0.5 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.94 4.82 9.53 14.27 18.83 22.41 26.06 31.46 37.27 43.65 51.20 58.54 65.33 71.36 77.30  85.34 92.90 
2 2.20 5.18 10.05 14.80 19.49 23.42 27.19 32.02 37.81 43.69 50.83 58.10 64.90 70.80 76.69  84.43 91.78 
3 1.86 5.06 9.89 14.89 19.69 23.81 27.62 33.25 39.89 46.19 53.92 61.05 68.17 74.57 80.45  87.93 94.96 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 0.88 2.05 4.14 6.44 8.35 10.10 11.63 13.84 16.46 19.20 22.49 25.53 28.40 31.17 33.76  37.26 40.69 
2 0.87 2.02 3.97 6.10 8.03 9.70 11.29 13.27 15.88 18.54 21.64 24.68 27.62 30.39 33.03  36.44 39.69 
3 0.80 2.03 3.97 6.19 8.22 10.06 11.74 14.17 16.97 19.91 23.34 26.41 29.45 32.37 35.06  38.41 41.57 
 
Composition: 70-2-28 
Salinity: Saltwater (30 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.43 3.01 7.06 11.09 14.53 17.94 21.54 27.76 32.11 39.68 47.66 54.21 60.45 66.19 72.23  79.60 86.13 
2 1.37 3.10 7.67 12.29 15.42 18.94 22.93 27.23 31.82 38.67 45.48 52.47 56.93 62.32 67.96  74.39 81.01 
3 1.92 3.45 7.28 11.14 14.51 17.87 21.89 27.16 31.41 38.03 45.79 52.50 58.53 63.85 69.82  77.58 84.20 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 0.79 3.17 5.66 8.39 11.23 12.95 15.12 17.41 22.71 27.40 31.80 35.13 39.48 43.89 44.95  49.40 53.75 
2 0.79 7.40 9.32 12.05 14.88 17.14 18.76 21.61 26.35 30.43 34.68 38.00 42.04 45.03 47.48  50.79 54.02 






Salinity: Brackish water (15 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.32 5.58 11.53 17.74 23.11 29.28 33.34 39.02 45.63 54.15 58.81 63.81 71.48 77.80 83.41  91.73 98.22 
2 2.93 6.09 12.11 18.06 23.10 28.98 33.00 38.91 45.48 53.76 59.03 64.25 71.81 78.16 83.79  92.31 99.02 
3 2.97 4.71 10.59 16.59 21.74 26.09 29.71 35.30 41.71 50.08 55.73 60.62 67.95 73.87 79.62  87.18 94.07 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.29 2.17 4.50 7.73 9.92 12.97 14.78 16.61 20.06 22.96 26.96 31.47 34.89 38.18 41.12  45.52 48.82 
2 1.10 1.10 1.70 2.83 4.82 7.32 8.61 11.29 14.57 17.65 21.82 25.68 28.94 32.43 34.99  39.05 42.18 
3 0.93 1.71 2.31 4.99 6.99 10.19 12.00 14.68 17.79 21.20 24.85 29.31 32.57 35.52 37.76  41.94 44.93 
 
Salinity: Freshwater (0.5 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.90 4.05 8.67 13.19 17.12 20.73 24.17 29.24 34.98 36.92 43.89 51.39 58.95 64.75 69.93  76.50 82.71 
2 1.98 4.22 8.93 13.23 17.17 20.50 23.85 28.67 34.14 37.27 44.47 51.51 58.74 64.06 68.86  75.83 81.81 
3 2.25 4.60 9.10 13.42 17.47 20.83 24.22 28.98 34.59 37.79 45.09 51.88 60.08 65.46 70.60  77.50 83.82 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 0.50 1.04 3.09 5.06 6.84 8.49 10.22 12.76 15.59 17.43 21.15 24.81 27.58 30.23 32.56  35.49 38.23 
2 0.72 1.65 3.47 5.53 7.33 9.07 10.74 13.15 15.98 18.97 22.32 25.42 27.89 30.29 32.45  35.47 38.02 







Salinity: Saltwater (30 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.43 3.86 8.77 12.69 15.86 18.97 21.37 24.69 27.07 30.68 34.70 38.58 42.76 46.55 49.39  53.93 58.68 
2 2.12 3.80 8.07 11.11 14.52 18.00 20.58 23.39 26.32 29.71 33.30 38.24 42.43 46.22 48.52  52.44 55.77 
3 1.54 2.72 7.13 10.31 13.38 16.12 19.00 22.65 25.03 28.65 32.14 36.88 40.76 44.22 46.66  51.99 56.03 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.11 3.65 6.60 9.26 11.56 13.95 16.81 18.44 21.56 26.77 32.05 36.45 38.55 41.27 44.02  47.40 52.82 
2 1.84 3.38 6.33 9.56 11.85 14.84 18.56 21.29 24.14 29.24 32.56 36.66 39.60 44.05 48.26  52.19 55.67 
3 1.84 3.66 6.61 9.01 11.01 13.43 16.57 17.35 20.75 24.39 28.55 32.95 34.49 34.71 38.04  44.49 48.26 
 
Salinity: Brackish water (15 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.99 4.34 8.95 14.08 17.50 22.14 26.60 32.68 38.14 44.72 50.35 55.36 59.71 63.26 66.19  70.83 72.66 
2 2.11 4.47 8.97 13.56 16.76 21.62 25.64 31.86 37.45 43.19 47.85 52.69 57.52 60.85 64.04  68.19 72.21 
3 1.57 3.72 7.76 12.29 15.37 21.64 25.04 31.31 36.89 41.84 47.04 51.63 55.67 58.73 61.72  66.33 70.25 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.20 2.41 4.82 7.43 9.51 10.38 12.85 14.61 17.01 20.41 24.20 26.51 29.11 31.46 34.40  38.99 40.71 
2 0.35 2.59 4.99 6.90 8.96 10.18 13.00 15.96 18.70 21.70 24.32 26.58 29.00 31.37 33.58  38.17 41.64 






Salinity: Freshwater (0.5 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.10 2.76 6.11 9.30 12.00 14.88 17.17 20.01 22.66 25.22 27.79 29.34 31.06 32.53 33.78  35.47 37.12 
2 1.31 3.10 6.59 9.84 12.62 15.58 18.10 21.48 24.47 27.25 29.90 31.55 33.10 34.58 35.67  37.32 38.87 
3 0.99 2.66 5.98 9.15 11.71 14.23 16.31 19.00 21.62 24.24 26.75 28.41 30.01 31.59 32.73  34.54 36.14 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 0.43 1.28 3.03 4.66 5.96 7.03 8.01 9.21 10.34 11.34 12.36 13.22 13.89 14.54 15.21  16.20 17.04 
2 1.41 2.45 4.36 5.93 7.15 8.34 9.55 10.86 12.27 13.27 14.41 15.31 15.95 16.69 17.26  18.24 19.00 
3 0.66 1.54 3.44 4.98 6.31 7.39 8.25 9.37 10.37 11.18 12.39 13.21 13.88 14.48 15.05  15.93 16.72 
 
Composition: 60-6-34 
Salinity: Saltwater (30 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.39 4.34 7.68 11.12 13.66 16.94 19.56 22.63 29.91 32.96 39.16 43.46 48.80 53.45 59.65  65.61 72.49 
2 1.37 3.44 7.03 10.62 14.16 17.92 20.41 23.64 30.30 34.33 41.08 46.31 52.74 57.76 62.53  70.85 77.94 
3 1.51 3.71 7.10 10.53 13.13 16.78 18.33 22.84 30.57 33.96 40.81 46.01 51.58 56.21 63.02  69.53 77.49 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.01 3.98 5.76 8.34 9.76 13.14 14.11 17.51 23.67 25.77 28.62 32.03 35.40 39.06 43.01  46.70 50.49 
2 1.43 3.42 5.22 7.23 9.24 14.03 16.69 22.64 27.09 28.07 32.17 35.30 38.70 42.37 45.49  49.47 53.25 






Salinity: Brackish water (15 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.24 5.14 9.44 13.94 17.42 20.51 23.25 28.98 35.70 42.01 50.48 56.83 63.05 68.91 73.96  79.99 84.78 
2 1.48 5.51 10.22 14.90 18.89 22.56 24.43 30.09 37.76 44.19 52.54 59.30 65.55 71.27 76.67  83.57 89.60 
3 1.49 3.25 9.09 13.91 17.04 20.13 22.92 28.86 36.35 42.39 50.51 56.49 62.68 68.45 73.57  80.02 85.70 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.42 3.04 5.23 7.81 9.74 11.83 13.73 16.72 20.11 24.08 28.27 32.60 36.80 40.13 43.43  46.83 50.03 
2 1.50 3.45 6.02 9.11 11.41 14.03 16.05 19.15 22.84 26.51 30.69 34.83 40.22 44.73 47.86  52.25 55.79 
3 1.43 3.57 7.69 10.46 12.49 14.72 16.81 19.71 23.15 26.73 31.08 34.90 36.99 40.22 43.35  47.34 50.70 
 
Salinity: Freshwater (0.5 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.74 4.49 9.05 13.63 17.36 20.57 23.40 27.89 32.84 37.83 44.23 50.13 55.58 60.55 65.10  71.56 77.33 
2 1.67 4.15 8.40 12.78 16.44 19.52 22.30 26.55 31.31 36.28 42.41 47.97 53.03 57.45 61.63  67.19 71.98 
3 1.63 4.08 8.52 12.95 16.43 19.61 22.44 26.89 31.71 36.60 42.91 48.80 54.12 58.77 63.06  69.24 74.63 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 0.66 1.59 3.33 5.13 6.76 8.18 9.50 11.32 13.38 15.53 18.22 20.67 22.75 24.93 26.94  29.69 31.73 
2 0.62 1.60 3.26 5.02 5.97 7.36 8.54 10.28 12.26 14.31 16.88 19.23 21.34 23.34 25.20  27.60 29.77 







Salinity: Saltwater (30 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.26 2.95 6.83 10.94 13.87 16.06 17.34 21.52 24.21 27.61 32.52 37.82 43.09 47.11 50.50  56.64 61.31 
2 1.74 4.20 8.72 12.34 14.36 16.63 18.17 21.41 24.97 28.95 34.26 40.06 44.91 49.03 53.49  59.47 61.29 
3 1.67 3.00 7.85 12.14 14.32 16.96 18.09 21.17 24.42 28.17 33.30 37.81 42.06 45.97 49.14  54.81 59.35 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.09 4.65 6.74 8.82 11.67 14.16 16.27 19.50 22.90 24.82 27.57 31.13 33.14 34.95 37.15  41.08 44.00 
2 2.37 3.81 6.19 8.27 11.97 15.02 17.13 20.08 24.62 27.67 32.39 35.65 38.67 41.07 42.69  47.77 48.98 
3 1.81 2.98 5.63 8.84 11.96 14.45 16.55 20.92 26.02 30.19 33.22 36.20 37.66 39.16 41.33  44.17 48.74 
 
Salinity: Brackish water (15 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.25 4.96 10.26 15.13 19.53 22.53 26.80 31.82 38.50 45.49 50.54 56.33 61.99 64.89 68.33  72.97 76.76 
2 1.79 4.22 8.33 13.19 17.32 20.43 25.86 30.63 36.77 44.06 50.00 55.77 61.21 64.22 68.08  72.08 75.18 
3 1.83 3.96 8.43 13.12 17.15 19.99 25.82 30.93 37.40 44.22 51.71 57.20 62.54 64.96 68.49  73.02 77.01 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.69 3.47 5.14 7.00 9.14 11.96 14.22 17.10 20.70 23.25 26.11 29.44 34.43 38.88 42.25  47.12 51.12 
2 1.16 3.45 5.13 6.97 9.13 11.94 14.74 17.62 22.23 24.77 28.34 32.73 37.15 41.06 44.29  48.45 52.14 






Salinity: Freshwater (0.5 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.13 2.39 4.54 6.83 9.69 12.07 14.01 17.39 21.10 27.09 32.62 35.61 38.41 40.77 42.56  45.00 46.96 
2 1.22 2.46 4.71 6.74 9.71 12.34 14.31 17.95 22.26 28.59 34.50 37.97 40.84 43.25 45.09  47.70 49.66 
3 1.23 2.45 4.63 6.71 9.59 12.16 14.01 17.05 20.42 25.01 29.64 32.09 34.35 36.34 38.10  40.10 41.68 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 0.78 2.45 4.47 6.16 7.67 9.06 10.31 11.71 13.39 15.04 16.76 18.08 19.22 20.16 21.41  22.60 23.54 
2 0.86 2.27 4.25 6.56 8.23 9.73 11.08 12.61 14.40 16.22 18.48 19.99 21.04 22.34 23.18  24.36 25.26 








Appendix D. Pressurized Specimen Dynamic Leaching Interval Exchanges 
Composition: 62% fluorogypsum, 3% Portland type I/II cement, 35% class C fly ash 
Salinity: Saltwater 
Replicate 1    Mass of Sample + Holder Final Mass 4.4 g 














































T01 0.08 0.08 Mon 6/8/15 11:25 AM 11:31 AM 13.3 120 8.16 49.43 244 22.7 
T02 0.21 0.29 Mon 6/8/15 4:22 PM 4:23 PM 13.3 119 8.13 49.62 257 23.5 
T03 0.71 1.00 Tue 6/9/15 9:25 AM 9:21 AM 13.2 120 8.18 49.55 254 23.1 
T04 1.00 2.0 Wed 6/10/15 9:25 AM 9:20 AM 13.2 120 8.08 49.59 259 21.7 
T05 1.00 3.0 Thurs 6/11/15 9:25 AM 9:36 AM 13.2 120 8.13 49.44 260 22.1 
T06 1.00 4.0 Fri 6/12/15 9:25 AM 9:37 AM 13.1 120 8.08 49.41 257 22.4 
T07 1.00 5.0 Sat 6/13/15 9:25 AM 9:20 AM 13.1 118 8.17 49.42 273 21.7 
T08 2.00 7.0 Mon 6/15/15 9:25 AM 9:39 AM 13.0 119 8.20 49.59 252 21.8 
T09 3.00 10.0 Thurs 6/18/15 9:25 AM 9:22 AM 12.9 119 8.18 50.04 267 22.8 
T10 4.00 14.0 Mon 6/22/15 9:25 AM 9:26 AM 12.8 119 8.20 50.06 265 23.3 
T11 7.00 21.0 Mon 6/29/15 9:25 AM 9:33 AM 12.8 118 8.19 50.35 252 21.2 
T12 7.00 28.0 Mon 7/6/15 9:25 AM 9:41 AM 12.7 120 8.34 50.37 178 20.5 
T13 7.00 35.0 Mon 7/13/15 9:25 AM 10:00 AM 12.6 118 8.10 50.12 204 22.4 
T14 7.00 42.0 Mon 7/20/15 9:25 AM 9:54 AM 12.5 120 8.06 50.49 231 23.9 
T15 7.00 49.0 Mon 7/27/15 9:25 AM 9:50 AM 12.5 120 8.16 51.22 255 22.7 
T16 14.00 63.0 Mon 8/10/15 9:25 AM 10:03 AM 12.4 119 7.74 52.07 250 23.6 






Replicate 2    Mass of Sample + Holder Final Mass 4.2 g 














































T01 0.08 0.08 Mon 6/8/15 11:25 AM 11:32 AM 12.9 120 8.13 49.40 241 22.8 
T02 0.21 0.29 Mon 6/8/15 4:22 PM 4:24 PM 12.9 119 8.15 49.87 258 23.4 
T03 0.71 1.00 Tue 6/9/15 9:25 AM 9:21 AM 12.9 120 8.28 49.52 260 23.4 
T04 1.00 2.0 Wed 6/10/15 9:25 AM 9:20 AM 12.8 121 8.38 49.39 250 21.7 
T05 1.00 3.0 Thurs 6/11/15 9:25 AM 9:37 AM 12.8 120 8.29 49.55 267 22.1 
T06 1.00 4.0 Fri 6/12/15 9:25 AM 9:38 AM 12.8 120 8.28 48.98 250 22.4 
T07 1.00 5.0 Sat 6/13/15 9:25 AM 9:21 AM 12.8 119 8.27 49.50 272 21.7 
T08 2.00 7.0 Mon 6/15/15 9:25 AM 9:40 AM 12.7 118 8.36 49.97 254 21.8 
T09 3.00 10.0 Thurs 6/18/15 9:25 AM 9:22 AM 12.6 118 8.39 50.10 261 22.9 
T10 4.00 14.0 Mon 6/22/15 9:25 AM 9:28 AM 12.5 118 8.36 50.06 267 23.3 
T11 7.00 21.0 Mon 6/29/15 9:25 AM 9:33 AM 12.4 119 8.45 50.45 238 21.2 
T12 7.00 28.0 Mon 7/6/15 9:25 AM 9:42 AM 12.4 118 8.19 50.06 221 20.9 
T13 7.00 35.0 Mon 7/13/15 9:25 AM 10:02 AM 12.3 118 8.28 50.27 198 23.4 
T14 7.00 42.0 Mon 7/20/15 9:25 AM 9:54 AM 12.2 119 8.17 50.10 232 23.9 
T15 7.00 49.0 Mon 7/27/15 9:25 AM 9:52 AM 12.1 118 8.09 51.35 250 22.7 
T16 14.00 63.0 Mon 8/10/15 9:25 AM 10:04 AM 12.1 116 8.16 52.13 247 23.6 







Replicate 3    Mass of Sample + Holder Final Mass 6.0 g 














































T01 0.08 0.08 Mon 6/8/15 11:25 AM 11:34 AM 12.9 120 8.07 49.48 229 22.8 
T02 0.21 0.29 Mon 6/8/15 4:22 PM 4:25 PM 12.8 120 8.15 49.67 258 23.4 
T03 0.71 1.00 Tue 6/9/15 9:25 AM 9:22 AM 12.9 120 8.28 49.55 263 23.4 
T04 1.00 2.0 Wed 6/10/15 9:25 AM 9:21 AM 12.8 122 8.33 49.38 253 21.8 
T05 1.00 3.0 Thurs 6/11/15 9:25 AM 9:39 AM 12.8 120 8.32 49.41 263 22.1 
T06 1.00 4.0 Fri 6/12/15 9:25 AM 9:38 AM 12.7 120 8.22 49.76 248 22.5 
T07 1.00 5.0 Sat 6/13/15 9:25 AM 9:21 AM 12.7 120 8.27 49.52 249 21.7 
T08 2.00 7.0 Mon 6/15/15 9:25 AM 9:41 AM 12.7 118 8.33 49.52 255 21.8 
T09 3.00 10.0 Thurs 6/18/15 9:25 AM 9:23 AM 12.6 119 8.36 50.06 257 22.9 
T10 4.00 14.0 Mon 6/22/15 9:25 AM 9:28 AM 12.5 118 8.37 49.99 260 23.2 
T11 7.00 21.0 Mon 6/29/15 9:25 AM 9:34 AM 12.5 117 8.43 50.17 233 21.3 
T12 7.00 28.0 Mon 7/6/15 9:25 AM 9:42 AM 12.3 117 8.13 49.61 222 20.9 
T13 7.00 35.0 Mon 7/13/15 9:25 AM 10:03 AM 12.3 120 8.26 50.33 196 23.5 
T14 7.00 42.0 Mon 7/20/15 9:25 AM 9:55 AM 12.2 119 8.16 48.25 237 23.9 
T15 7.00 49.0 Mon 7/27/15 9:25 AM 9:53 AM 12.1 117 8.25 51.28 243 22.7 
T16 14.00 63.0 Mon 8/10/15 9:25 AM 9:10 AM 12.1 118 8.13 52.29 248 23.5 







Salinity: Brackish water 
Replicate 1    Mass of Sample + Holder Final Mass 6.5 g 














































T01 0.08 0.08 Mon 6/8/15 11:25 AM 11:35 AM 13.4 118.0 8.32 27.07 242 22.6 
T02 0.21 0.29 Mon 6/8/15 4:22 PM 4:25 PM 13.4 118.0 8.21 27.10 254 23.7 
T03 0.71 1.00 Tue 6/9/15 9:25 AM 9:23 AM 13.3 120.0 8.57 27.18 245 23.1 
T04 1.00 2.0 Wed 6/10/15 9:25 AM 9:21 AM 13.4 120.0 8.65 27.63 234 21.7 
T05 1.00 3.0 Thurs 6/11/15 9:25 AM 9:41 AM 13.3 120.0 8.57 27.01 257 22.1 
T06 1.00 4.0 Fri 6/12/15 9:25 AM 9:40 AM 13.2 120.0 8.51 26.34 243 22.3 
T07 1.00 5.0 Sat 6/13/15 9:25 AM 9:21 AM 13.2 117.0 7.70 25.45 252 21.5 
T08 2.00 7.0 Mon 6/15/15 9:25 AM 9:42 AM 13.1 117.0 8.63 26.93 248 21.8 
T09 3.00 10.0 Thurs 6/18/15 9:25 AM 9:24 AM 13.1 117.0 8.76 27.24 244 22.9 
T10 4.00 14.0 Mon 6/22/15 9:25 AM 9:29 AM 13.0 118.0 8.72 27.35 249 23.2 
T11 7.00 21.0 Mon 6/29/15 9:25 AM 9:35 AM 12.9 116.0 8.77 27.38 224 21.2 
T12 7.00 28.0 Mon 7/6/15 9:25 AM 9:44 AM 12.8 116.0 8.54 27.10 210 20.7 
T13 7.00 35.0 Mon 7/13/15 9:25 AM 10:04 AM 12.7 120.0 8.56 27.51 182 23.6 
T14 7.00 42.0 Mon 7/20/15 9:25 AM 9:53 AM 12.6 120.0 8.36 26.68 231 23.7 
T15 7.00 49.0 Mon 7/27/15 9:25 AM 9:53 AM 12.6 120.0 8.59 27.80 233 23.0 
T16 14.00 63.0 Mon 8/10/15 9:25 AM 10:05 AM 12.6 119.0 8.51 28.07 231 23.5 






Replicate 2    Mass of Sample + Holder Final Mass 4.3 g 














































T01 0.08 0.08 Mon 6/8/15 11:25 AM 11:37 AM 13.1 119 8.36 27.03 242 226 
T02 0.21 0.29 Mon 6/8/15 4:22 PM 4:26 PM 13.1 118 8.24 27.29 256 23.5 
T03 0.71 1.00 Tue 6/9/15 9:25 AM 9:23 AM 13.1 120 8.49 27.21 254 23.5 
T04 1.00 2.0 Wed 6/10/15 9:25 AM 9:22 AM 13.0 120 8.60 27.40 240 21.7 
T05 1.00 3.0 Thurs 6/11/15 9:25 AM 9:42 AM 13.0 121 8.52 27.01 259 22.0 
T06 1.00 4.0 Fri 6/12/15 9:25 AM 9:40 AM 12.9 120 8.54 26.30 209 22.3 
T07 1.00 5.0 Sat 6/13/15 9:25 AM 9:22 AM 12.9 118 8.51 26.28 231 21.6 
T08 2.00 7.0 Mon 6/15/15 9:25 AM 9:43 AM 12.9 117 8.59 27.00 249 21.8 
T09 3.00 10.0 Thurs 6/18/15 9:25 AM 9:24 AM 12.7 118 8.70 27.49 242 22.9 
T10 4.00 14.0 Mon 6/22/15 9:25 AM 9:31 AM 12.7 117 8.64 27.20 255 23.1 
T11 7.00 21.0 Mon 6/29/15 9:25 AM 9:35 AM 12.6 118 8.78 27.25 220 21.2 
T12 7.00 28.0 Mon 7/6/15 9:25 AM 9:44 AM 12.5 116 8.33 27.12 221 21.0 
T13 7.00 35.0 Mon 7/13/15 9:25 AM 10:05 AM 12.4 120 8.57 27.40 190 23.5 
T14 7.00 42.0 Mon 7/20/15 9:25 AM 9:57 AM 12.3 120 8.46 22.11 233 23.6 
T15 7.00 49.0 Mon 7/27/15 9:25 AM 9:57 AM 12.3 118 8.53 26.65 233 22.7 
T16 14.00 63.0 Mon 8/10/15 9:25 AM 10:06 AM 12.2 120 8.58 28.41 227 23.4 







Replicate 3    Mass of Sample + Holder Final Mass 3.8 g 














































T01 0.08 0.08 Mon 6/8/15 11:25 AM 11:38 AM 12.7 120 8.31 27.31 244 22.7 
T02 0.21 0.29 Mon 6/8/15 4:22 PM 4:27 PM 12.7 118 8.19 27.00 258 23.2 
T03 0.71 1.00 Tue 6/9/15 9:25 AM 9:24 AM 12.6 120 8.47 27.23 261 23.0 
T04 1.00 2.0 Wed 6/10/15 9:25 AM 9:22 AM 12.6 120 8.62 27.41 237 21.8 
T05 1.00 3.0 Thurs 6/11/15 9:25 AM 9:43 AM 12.6 121 8.58 26.96 258 21.9 
T06 1.00 4.0 Fri 6/12/15 9:25 AM 9:41 AM 12.6 120 8.56 27.04 217 22.2 
T07 1.00 5.0 Sat 6/13/15 9:25 AM 9:22 AM 12.5 119 8.43 26.46 260 21.5 
T08 2.00 7.0 Mon 6/15/15 9:25 AM 9:44 AM 12.5 116 8.57 26.94 247 21.7 
T09 3.00 10.0 Thurs 6/18/15 9:25 AM 9:25 AM 12.4 116 8.68 27.38 244 22.9 
T10 4.00 14.0 Mon 6/22/15 9:25 AM 9:32 AM 12.3 117 8.70 27.23 258 23.0 
T11 7.00 21.0 Mon 6/29/15 9:25 AM 9:36 AM 12.2 118 8.74 27.56 222 21.2 
T12 7.00 28.0 Mon 7/6/15 9:25 AM 9:45 AM 21.1 118 8.46 26.81 217 20.2 
T13 7.00 35.0 Mon 7/13/15 9:25 AM 10:06 AM 12 120 8.57 27.56 188 23.5 
T14 7.00 42.0 Mon 7/20/15 9:25 AM 9:59 AM 11.9 121 8.39 26.86 263 23.7 
T15 7.00 49.0 Mon 7/27/15 9:25 AM 9:55 AM 11.9 119 8.43 27.29 233 22.8 
T16 14.00 63.0 Mon 8/10/15 9:25 AM 10:07 AM 11.9 120 8.49 28.03 229 23.4 








Replicate 1    Mass of Sample + Holder Final Mass 4.2 g 














































T01 0.08 0.08 Mon 6/8/15 11:25 AM 11:39 AM 12.9 121 8.52 1.63 230 22.6 
T02 0.21 0.29 Mon 6/8/15 4:22 PM 4:28 PM 12.9 120 8.61 1.77 230 23.5 
T03 0.71 1.00 Tue 6/9/15 9:25 AM 9:25 AM 12.8 120 9.52 2.09 217 23.9 
T04 1.00 2.0 Wed 6/10/15 9:25 AM 9:23 AM 12.8 122 9.67 2.11 202 21.8 
T05 1.00 3.0 Thurs 6/11/15 9:25 AM 9:44 AM 12.8 120 9.51 1.97 222 22.0 
T06 1.00 4.0 Fri 6/12/15 9:25 AM 9:42 AM 12.8 120 9.70 1.86 180 22.2 
T07 1.00 5.0 Sat 6/13/15 9:25 AM 9:23 AM 12.7 119 9.66 1.72 207 21.6 
T08 2.00 7.0 Mon 6/15/15 9:25 AM 9:45 AM 12.7 119 9.82 2.04 202 21.6 
T09 3.00 10.0 Thurs 6/18/15 9:25 AM 9:26 AM 12.6 118 9.84 2.18 205 22.9 
T10 4.00 14.0 Mon 6/22/15 9:25 AM 9:33 AM 12.6 117 9.95 2.26 207 23.0 
T11 7.00 21.0 Mon 6/29/15 9:25 AM 9:37 AM 12.4 121 9.91 2.38 200 21.3 
T12 7.00 28.0 Mon 7/6/15 9:25 AM 9:46 AM 12.4 119 9.88 2.22 176 20.7 
T13 7.00 35.0 Mon 7/13/15 9:25 AM 10:07 AM 12.3 120 9.89 2.23 146 23.5 
T14 7.00 42.0 Mon 7/20/15 9:25 AM 9:59 AM 12.3 121 9.70 2.13 1952 23.7 
T15 7.00 49.0 Mon 7/27/15 9:25 AM 9:55 AM 12.2 120 9.78 2.04 186 22.6 
T16 14.00 63.0 Mon 8/10/15 9:25 AM 10:08 AM 12.1 117 9.68 2.37 187 23.3 








Replicate 2    Mass of Sample + Holder Final Mass 4.1 g 














































T01 0.08 0.08 Mon 6/8/15 11:25 AM 11:40 AM 12.8 123 8.54 1.65 233 22.6 
T02 0.21 0.29 Mon 6/8/15 4:22 PM 4:28 PM 12.8 120 8.48 1.78 236 2.35 
T03 0.71 1.00 Tue 6/9/15 9:25 AM 9:26 AM 12.8 121 9.15 3.04 223 22.8 
T04 1.00 2.0 Wed 6/10/15 9:25 AM 9:24 AM 12.8 120 9.41 2.07 206 21.7 
T05 1.00 3.0 Thurs 6/11/15 9:25 AM 9:45 AM 12.7 120 9.38 1.90 223 21.9 
T06 1.00 4.0 Fri 6/12/15 9:25 AM 9:42 AM 12.7 120 9.54 1.84 115 22.2 
T07 1.00 5.0 Sat 6/13/15 9:25 AM 9:23 AM 12.6 119 9.56 1.71 205 21.5 
T08 2.00 7.0 Mon 6/15/15 9:25 AM 9:46 AM 12.6 119 9.78 2.03 197 21.6 
T09 3.00 10.0 Thurs 6/18/15 9:25 AM 9:27 AM 12.6 118 9.85 2.11 208 22.9 
T10 4.00 14.0 Mon 6/22/15 9:25 AM 9:35 AM 12.5 118 9.85 2.19 204 22.9 
T11 7.00 21.0 Mon 6/29/15 9:25 AM 9:37 AM 12.4 120 9.93 2.24 190 21.2 
T12 7.00 28.0 Mon 7/6/15 9:25 AM 9:46 AM 12.3 123 9.86 2.08 185 20.8 
T13 7.00 35.0 Mon 7/13/15 9:25 AM 10:08 AM 12.2 118 9.76 2.20 146 23.5 
T14 7.00 42.0 Mon 7/20/15 9:25 AM 10:00 AM 12.1 120 9.82 2.11 188 23.6 
T15 7.00 49.0 Mon 7/27/15 9:25 AM 9:56 AM 12.1 120 0.42 2.08 175 22.7 
T16 14.00 63.0 Mon 8/10/15 9:25 AM 10:09 AM 12.0000 118 9.69 2.37 179 23.2 







Replicate 3    Mass of Sample + Holder Final Mass 4.4 g 














































T01 0.08 0.08 Mon 6/8/15 11:25 AM 11:42 AM 13.1 120 8.42 1.61 232 22.7 
T02 0.21 0.29 Mon 6/8/15 4:22 PM 4:29 PM 13.1 121 8.48 1.75 235 23.3 
T03 0.71 1.00 Tue 6/9/15 9:25 AM 9:27 AM 13.1 121 9.57 2.16 212 23.0 
T04 1.00 2.0 Wed 6/10/15 9:25 AM 9:24 AM 13.1 121 9.71 2.17 205 21.8 
T05 1.00 3.0 Thurs 6/11/15 9:25 AM 9:45 AM 13.0 121 9.67 1.94 217 21.8 
T06 1.00 4.0 Fri 6/12/15 9:25 AM 9:43 AM 13.0 121 9.80 1.85 141 22.2 
T07 1.00 5.0 Sat 6/13/15 9:25 AM 9:24 AM 13.0 118 9.75 1.79 200 21.5 
T08 2.00 7.0 Mon 6/15/15 9:25 AM 9:47 AM 12.9 118 9.84 2.07 196 21.6 
T09 3.00 10.0 Thurs 6/18/15 9:25 AM 9:27 AM 12.8 119 10.05 2.20 197 22.8 
T10 4.00 14.0 Mon 6/22/15 9:25 AM 9:36 AM 12.7 119 10.06 2.26 197 22.9 
T11 7.00 21.0 Mon 6/29/15 9:25 AM 9:38 AM 12.7 122 10.17 2.39 181 21.3 
T12 7.00 28.0 Mon 7/6/15 9:25 AM 9:47 AM 12.6 118 10.00 2.76 175 20.1 
T13 7.00 35.0 Mon 7/13/15 9:25 AM 10:09 AM 12.5 118 10.02 2.29 135 23.5 
T14 7.00 42.0 Mon 7/20/15 9:25 AM 10:01 AM 12.4 118 10.05 2.68 177 23.5 
T15 7.00 49.0 Mon 7/27/15 9:25 AM 9:57 AM 12.4 120 10.17 2.07 165 22.7 
T16 14.00 63.0 Mon 8/10/15 9:25 AM 10:09 AM 12.3 118 10.08 2.40 160 23.2 







Composition: 60% fluorogypsum, 2% Portland type I/II cement, 38% class C fly ash 
Salinity: Saltwater 
Replicate 1    Mass of Sample + Holder Final Mass 4.1 g 














































T01 0.08 0.08 Mon 6/8/15 11:30 AM 11:44 AM 12.8 119 8.11 49.48 261 22.8 
T02 0.21 0.29 Mon 6/8/15 4:27 PM 4:30 PM 12.8 120 7.83 49.47 223 23.5 
T03 0.71 1.00 Tue 6/9/15 9:30 AM 9:33 AM 12.8 120 8.34 49.79 253 23.2 
T04 1.00 2.0 Wed 6/10/15 9:30 AM 9:31 AM 12.8 120 8.39 49.60 227 21.8 
T05 1.00 3.0 Thurs 6/11/15 9:30 AM 9:48 AM 12.8 120 8.31 49.40 261 21.9 
T06 1.00 4.0 Fri 6/12/15 9:30 AM 9:44 AM 12.7 118 8.30 49.50 233 21.9 
T07 1.00 5.0 Sat 6/13/15 9:30 AM 9:27 AM 12.7 118 8.28 49.30 251 21.9 
T08 2.00 7.0 Mon 6/15/15 9:30 AM 9:50 AM 12.7 119 8.28 49.86 210 21.2 
T09 3.00 10.0 Thurs 6/18/15 9:30 AM 9:33 AM 12.6 119 8.37 49.84 253 22.6 
T10 4.00 14.0 Mon 6/22/15 9:30 AM 9:43 AM 12.5 119 8.23 49.59 267 23.1 
T11 7.00 21.0 Mon 6/29/15 9:30 AM 9:39 AM 12.4 119 8.49 49.71 225 21.5 
T12 7.00 28.0 Mon 7/6/15 9:30 AM 9:50 AM 12.3 119 8.26 50.13 263 20.7 
T13 7.00 35.0 Mon 7/13/15 9:30 AM 10:10 AM 12.2 118 8.31 50.26 185 23.3 
T14 7.00 42.0 Mon 7/20/15 9:30 AM 10:11 AM 12.2 120 8.20 50.25 267 23.0 
T15 7.00 49.0 Mon 7/27/15 9:30 AM 9:59 AM 12.1 120 8.30 50.91 217 23.0 
T16 14.00 63.0 Mon 8/10/15 9:30 AM 10:13 AM 12.0 120 8.25 51.87 221 23.7 






Replicate 2    Mass of Sample + Holder Final Mass 4.3 g 














































T01 0.08 0.08 Mon 6/8/15 11:30 AM 11:45 AM 13.00 121 8.10 49.48 258 22.7 
T02 0.21 0.29 Mon 6/8/15 4:27 PM 4:31 PM 12.9 120 8.13 49.60 235 23.6 
T03 0.71 1.00 Tue 6/9/15 9:30 AM 9:34 AM 12.9 120 8.34 49.46 254 23.4 
T04 1.00 2.0 Wed 6/10/15 9:30 AM 9:32 AM 12.9 120 8.40 49.63 230 22.0 
T05 1.00 3.0 Thurs 6/11/15 9:30 AM 9:48 AM 12.8 121 8.33 49.54 261 22.1 
T06 1.00 4.0 Fri 6/12/15 9:30 AM 9:45 AM 12.9 118 8.30 49.27 235 22.2 
T07 1.00 5.0 Sat 6/13/15 9:30 AM 9:28 AM 12.8 118 8.29 49.32 200 21.6 
T08 2.00 7.0 Mon 6/15/15 9:30 AM 9:51 AM 12.7 118 8.33 49.90 223 21.3 
T09 3.00 10.0 Thurs 6/18/15 9:30 AM 9:34 AM 12.7 118 8.41 50.02 252 22.6 
T10 4.00 14.0 Mon 6/22/15 9:30 AM 9:44 AM 12.6 118 8.43 49.28 268 23.0 
T11 7.00 21.0 Mon 6/29/15 9:30 AM 9:40 AM 12.5 118 8.43 49.22 233 21.5 
T12 7.00 28.0 Mon 7/6/15 9:30 AM 9:51 AM 12.4 118 8.24 50.38 256 20.8 
T13 7.00 35.0 Mon 7/13/15 9:30 AM 10:11 AM 12.3 118 8.31 50.36 187 23.2 
T14 7.00 42.0 Mon 7/20/15 9:30 AM 10:12 AM 12.3 120 8.23 50.59 272 23.4 
T15 7.00 49.0 Mon 7/27/15 9:30 AM 10:00 AM 12.2 120 8.26 50.94 222 23.0 
T16 14.00 63.0 Mon 8/10/15 9:30 AM 10:13 AM 12.1  8.20 52.07 239 23.7 






Replicate 3    Mass of Sample + Holder Final Mass 4.6 g 














































T01 0.08 0.08 Mon 6/8/15 11:30 AM 11:46 AM 13.2 119 8.12 49.67 163 22.8 
T02 0.21 0.29 Mon 6/8/15 4:27 PM 4:32 PM 13.2 118 8.14 49.57 236 23.8 
T03 0.71 1.00 Tue 6/9/15 9:30 AM 9:39 AM 13.2 120 8.38 49.63 252 23.3 
T04 1.00 2.0 Wed 6/10/15 9:30 AM 9:32 AM 13.2 120 8.41 49.71 230 22.00 
T05 1.00 3.0 Thurs 6/11/15 9:30 AM 9:49 AM 13.1 120 8.35 49.38 260 22.2 
T06 1.00 4.0 Fri 6/12/15 9:30 AM 9:45 AM 13.1 119 8.32 49.27 234 22.1 
T07 1.00 5.0 Sat 6/13/15 9:30 AM 9:29 AM 13.1 118 8.29 49.06 222 21.7 
T08 2.00 7.0 Mon 6/15/15 9:30 AM 9:52 AM 13.0 120 8.36 49.80 234 21.3 
T09 3.00 10.0 Thurs 6/18/15 9:30 AM 9:35 AM 13.0 120 8.41 50.33 247 22.6 
T10 4.00 14.0 Mon 6/22/15 9:30 AM 9:45 AM 12.9 120 8.45 48.99 267 23.1 
T11 7.00 21.0 Mon 6/29/15 9:30 AM 9:41 AM 12.8 118 8.48 49.87 233 21.6 
T12 7.00 28.0 Mon 7/6/15 9:30 AM 9:51 AM 12.7 110 8.40 49.59 250 20.9 
T13 7.00 35.0 Mon 7/13/15 9:30 AM 10:12 AM 12.6 120 8.34 50.29 190 23.2 
T14 7.00 42.0 Mon 7/20/15 9:30 AM 10:12 AM 12.6 120 8.24 50.23 270 23.4 
T15 7.00 49.0 Mon 7/27/15 9:30 AM 10:01 AM 12.6 118 8.31 50.96 221 28.1 
T16 14.00 63.0 Mon 8/10/15 9:30 AM 10:14 AM 12.5 119 8.25 52.05 250 23.6 







Salinity: Brackish water 
Replicate 1    Mass of Sample + Holder Final Mass 3.8 g 














































T01 0.08 0.08 Mon 6/8/15 11:30 AM 11:46 AM 12.5 118 8.32 27.11 255 22.5 
T02 0.21 0.29 Mon 6/8/15 4:27 PM 4:33 PM 12.4 120 8.28 26.91 231 23.4 
T03 0.71 1.00 Tue 6/9/15 9:30 AM 9:37 AM 12.4 120 8.57 27.24 254 23.5 
T04 1.00 2.0 Wed 6/10/15 9:30 AM 9:33 AM 12.4 120 8.66 27.38 226 26.9 
T05 1.00 3.0 Thurs 6/11/15 9:30 AM 9:50 AM 12.3 120 8.53 26.11 257 22.2 
T06 1.00 4.0 Fri 6/12/15 9:30 AM 9:46 AM 12.3 119 8.63 26.67 111 22.2 
T07 1.00 5.0 Sat 6/13/15 9:30 AM 9:30 AM 12.3 120 8.47 26.86 230 21.7 
T08 2.00 7.0 Mon 6/15/15 9:30 AM 9:53 AM 12.2 119 8.61 26.49 235 21.2 
T09 3.00 10.0 Thurs 6/18/15 9:30 AM 9:36 AM 12.2 117 8.76 27.62 238 22.8 
T10 4.00 14.0 Mon 6/22/15 9:30 AM 9:45 AM 12.1 118 8.72 26.48 261 23.0 
T11 7.00 21.0 Mon 6/29/15 9:30 AM 9:41 AM 12.0 118 8.77 27.33 230 21.5 
T12 7.00 28.0 Mon 7/6/15 9:30 AM 9:52 AM 11.9 117 8.58 26.48 244 20.8 
T13 7.00 35.0 Mon 7/13/15 9:30 AM 10:13 AM 11.8 118 8.67 27.47 187 23.3 
T14 7.00 42.0 Mon 7/20/15 9:30 AM 10:13 AM 11.7 122 8.53 26.56 258 23.3 
T15 7.00 49.0 Mon 7/27/15 9:30 AM 10:02 AM 11.7 119 8.62 27.30 217 23.1 
T16 14.00 63.0 Mon 8/10/15 9:30 AM 10:15 AM 11.7 120 8.46 28.11 244 23.5 






Replicate 2    Mass of Sample + Holder Final Mass 4.4 g 














































T01 0.08 0.08 Mon 6/8/15 11:30 AM 11:47 AM 13.0 119 8.26 27.12 250 22.5 
T02 0.21 0.29 Mon 6/8/15 4:27 PM 4:34 PM 13.1 118 8.16 27.23 271 23.3 
T03 0.71 1.00 Tue 6/9/15 9:30 AM 9:38 AM 13.1 120 8.56 27.22 251 23.2 
T04 1.00 2.0 Wed 6/10/15 9:30 AM 9:34 AM 13.0 120 8.66 27.42 231 21.9 
T05 1.00 3.0 Thurs 6/11/15 9:30 AM 9:50 AM 13.0 120 8.61 26.77 257 22.1 
T06 1.00 4.0 Fri 6/12/15 9:30 AM 9:47 AM 12.9 118 8.56 20.66 185 22.2 
T07 1.00 5.0 Sat 6/13/15 9:30 AM 9:30 AM 12.9 118 8.50 26.55 232 21.6 
T08 2.00 7.0 Mon 6/15/15 9:30 AM 9:54 AM 12.9 116 8.56 26.85 244 21.3 
T09 3.00 10.0 Thurs 6/18/15 9:30 AM 9:39 AM 12.9 118 8.59 27.65 243 22.9 
T10 4.00 14.0 Mon 6/22/15 9:30 AM 9:45 AM 12.8 120 8.52 26.39 271 23.0 
T11 7.00 21.0 Mon 6/29/15 9:30 AM 9:42 AM 12.6 118 8.68 27.48 232 21.5 
T12 7.00 28.0 Mon 7/6/15 9:30 AM 9:52 AM 12.5 116 8.37 27.31 248 20.6 
T13 7.00 35.0 Mon 7/13/15 9:30 AM 10:13 AM 12.4 118 8.53 27.43 188 23.2 
T14 7.00 42.0 Mon 7/20/15 9:30 AM 10:13 AM 12.4 122 8.33 26.86 259 23.2 
T15 7.00 49.0 Mon 7/27/15 9:30 AM 10:03 AM 12.3 119 8.54 27.75 221 22.9 
T16 14.00 63.0 Mon 8/10/15 9:30 AM 10:17 AM 12.3 117 8.44 28.36 221 23.5 







Replicate 3    Mass of Sample + Holder Final Mass 3.8 g 














































T01 0.08 0.08 Mon 6/8/15 11:30 AM 11:48 AM 12.4 119 8.25 27.12 250 22.5 
T02 0.21 0.29 Mon 6/8/15 4:27 PM 4:35 PM 12.4 119 8.25 27.29 266 23.3 
T03 0.71 1.00 Tue 6/9/15 9:30 AM 9:39 AM 12.4 120 8.62 27.28 250 23.3 
T04 1.00 2.0 Wed 6/10/15 9:30 AM 9:35 AM 12.3 119 8.64 27.33 256 22.0 
T05 1.00 3.0 Thurs 6/11/15 9:30 AM 9:51 AM 12.3 121 8.61 26.37 258 22.1 
T06 1.00 4.0 Fri 6/12/15 9:30 AM 9:47 AM 12.3 120 8.52 26.44 201 22.2 
T07 1.00 5.0 Sat 6/13/15 9:30 AM 9:31 AM 12.3 119 8.49 26.62 240 21.7 
T08 2.00 7.0 Mon 6/15/15 9:30 AM 9:55 AM 12.2 117 8.63 26.94 253 21.2 
T09 3.00 10.0 Thurs 6/18/15 9:30 AM 9:40 AM 12.2 117 8.66 27.60 243 22.8 
T10 4.00 14.0 Mon 6/22/15 9:30 AM 9:46 AM 12.1 119 8.72 26.85 266 23.1 
T11 7.00 21.0 Mon 6/29/15 9:30 AM 9:42 AM 12.0 118 8.74 27.31 232 21.6 
T12 7.00 28.0 Mon 7/6/15 9:30 AM 9:53 AM 11.8 116 8.61 27.31 242 20.8 
T13 7.00 35.0 Mon 7/13/15 9:30 AM 10:14 AM 11.8 118 8.60 27.33 192 23.2 
T14 7.00 42.0 Mon 7/20/15 9:30 AM 10:14 AM 11.7 120 8.45 27.20 257 23.3 
T15 7.00 49.0 Mon 7/27/15 9:30 AM 10:04 AM 11.7 120 8.57 27.71 222 23.0 
T16 14.00 63.0 Mon 8/10/15 9:30 AM 10:17 AM 11.6 119 8.57 27.71 224 23.4 








Replicate 1    Mass of Sample + Holder Final Mass 4.6 g 














































T01 0.08 0.08 Mon 6/8/15 11:30 AM 11:49 AM 13.0 120 8.48 1.66 235 22.6 
T02 0.21 0.29 Mon 6/8/15 4:27 PM 4:36 PM 13.1 121 8.38 1.73 240 23.1 
T03 0.71 1.00 Tue 6/9/15 9:30 AM 9:40 AM 13.0 120 8.66 2.18 210 23.0 
T04 1.00 2.0 Wed 6/10/15 9:30 AM 9:36 AM 13.0 120 9.79 2.11 195 21.6 
T05 1.00 3.0 Thurs 6/11/15 9:30 AM 9:52 AM 13.0 120 9.78 1.95 221 22.2 
T06 1.00 4.0 Fri 6/12/15 9:30 AM 9:48 AM 12.9 119 9.87 1.81 168 22.2 
T07 1.00 5.0 Sat 6/13/15 9:30 AM 9:32 AM 12.9 119 9.83 1.77 198 21.6 
T08 2.00 7.0 Mon 6/15/15 9:30 AM 9:57 AM 12.8 119 10.03 2.04 203 21.4 
T09 3.00 10.0 Thurs 6/18/15 9:30 AM 9:41 AM 12.7 118 10.17 2.16 201 22.9 
T10 4.00 14.0 Mon 6/22/15 9:30 AM 9:46 AM 12.7 119 10.13 2.18 210 23.1 
T11 7.00 21.0 Mon 6/29/15 9:30 AM 9:43 AM 12.6 118 10.35 2.29 185 21.6 
T12 7.00 28.0 Mon 7/6/15 9:30 AM 9:53 AM 12.6 118 10.11 2.14 197 21.0 
T13 7.00 35.0 Mon 7/13/15 9:30 AM 10:16 AM 12.5 118 10.26 2.15 145 23.3 
T14 7.00 42.0 Mon 7/20/15 9:30 AM 10:14 AM 12.4 124 10.23 1.97 201 23.1 
T15 7.00 49.0 Mon 7/27/15 9:30 AM 10:05 AM 12.4 118 10.18 1.92 173 22.9 
T16 14.00 63.0 Mon 8/10/15 9:30 AM 10:19 AM 12.4 118 10.29 2.25 166 23.5 








Replicate 2    Mass of Sample + Holder Final Mass 4.1 g 














































T01 0.08 0.08 Mon 6/8/15 11:30 AM 11:50 AM 12.6 120 8.32 1.57 239 22.5 
T02 0.21 0.29 Mon 6/8/15 4:27 PM 4:37 PM 12.6 120 8.46 1.70 236 23.1 
T03 0.71 1.00 Tue 6/9/15 9:30 AM 9:41 AM 12.6 121 9.60 2.13 212 23.0 
T04 1.00 2.0 Wed 6/10/15 9:30 AM 9:37 AM 12.6 120 9.72 2.08 200 21.6 
T05 1.00 3.0 Thurs 6/11/15 9:30 AM 9:53 AM 12.6 120 9.69 1.94 221 22.1 
T06 1.00 4.0 Fri 6/12/15 9:30 AM 9:49 AM 12.5 120 9.68 1.82 178 22.1 
T07 1.00 5.0 Sat 6/13/15 9:30 AM 9:33 AM 12.5 118 9.72 1.75 194 21.5 
T08 2.00 7.0 Mon 6/15/15 9:30 AM 9:57 AM 12.4 119 9.88 2.05 205 21.3 
T09 3.00 10.0 Thurs 6/18/15 9:30 AM 9:42 AM 12.3 117 10.00 2.17 197 12.7 
T10 4.00 14.0 Mon 6/22/15 9:30 AM 9:47 AM 12.2 120 9.92 2.19 217 23.0 
T11 7.00 21.0 Mon 6/29/15 9:30 AM 9:43 AM 12.2 120 10.00 2.33 186 21.5 
T12 7.00 28.0 Mon 7/6/15 9:30 AM 9:54 AM 12.1 119 9.83 2.18 203 20.6 
T13 7.00 35.0 Mon 7/13/15 9:30 AM 10:16 AM 12.0 118 9.95 2.17 150 23.2 
T14 7.00 42.0 Mon 7/20/15 9:30 AM 10:15 AM 12.0 122 9.99 2.06 197 23.1 
T15 7.00 49.0 Mon 7/27/15 9:30 AM 10:05 AM 11.9 119 9.95 1.98 176 23.0 
T16 14.00 63.0 Mon 8/10/15 9:30 AM 10:20 AM 11.9 119 10.07 2.31 164 23.3 







Replicate 3    Mass of Sample + Holder Final Mass 4.1 g 














































T01 0.08 0.08 Mon 6/8/15 11:30 AM 11:51 AM 12.6 122 8.29 1.57 240 22.6 
T02 0.21 0.29 Mon 6/8/15 4:27 PM 4:37 PM 12.7 120 8.59 1.72 234 23.1 
T03 0.71 1.00 Tue 6/9/15 9:30 AM 9:42 AM 12.6 120 9.61 2.10 218 23.3 
T04 1.00 2.0 Wed 6/10/15 9:30 AM 9:38 PM 12.6 121 9.75 2.09 196 21.6 
T05 1.00 3.0 Thurs 6/11/15 9:30 AM 9:54 AM 12.6 120 9.77 1.95 216 22.1 
T06 1.00 4.0 Fri 6/12/15 9:30 AM 9:49 AM 12.5 120 9.78 1.87 172 22.1 
T07 1.00 5.0 Sat 6/13/15 9:30 AM 9:34 AM 12.5 119 9.83 1.75 196 21.5 
T08 2.00 7.0 Mon 6/15/15 9:30 AM 9:58 PM 12.4 118 10.01 2.05 198 21.3 
T09 3.00 10.0 Thurs 6/18/15 9:30 AM 9:43 AM 12.4 118 10.11 2.15 194 22.3 
T10 4.00 14.0 Mon 6/22/15 9:30 AM 9:48 AM 12.3 119 10.15 2.17 210 23.1 
T11 7.00 21.0 Mon 6/29/15 9:30 AM 9:44 AM 12.3 118 10.26 2.38 182 21.6 
T12 7.00 28.0 Mon 7/6/15 9:30 AM 9:54 AM 12.2 118 10.19 2.19 185 20.9 
T13 7.00 35.0 Mon 7/13/15 9:30 AM 10:17 AM 12.1 120 10.17 2.18 145 23.2 
T14 7.00 42.0 Mon 7/20/15 9:30 AM 10:15 AM 12.1 120 10.13 2.23 199 23.2 
T15 7.00 49.0 Mon 7/27/15 9:30 AM 10:06 AM 12.0 120 10.12 1.99 112 23.0 
T16 14.00 63.0 Mon 8/10/15 9:30 AM 10:20 AM 11.9 116 10.19 2.33 153 23.2 







Composition: 70% fluorogypsum, 2% Portland type I/II cement, 28% class C fly ash 
Salinity: Saltwater 
Replicate 1    Mass of Sample + Holder Final Mass 4.7 g 














































T01 0.08 0.08 Mon 6/8/15 11:35 AM 11:52 AM 13.4 120 8.10 49.55 267 22.7 
T02 0.21 0.29 Mon 6/8/15 4:32 PM 4:39 PM 13.4 118 8.07 49.60 265 23.4 
T03 0.71 1.00 Tue 6/9/15 9:35 AM 9:45 AM 13.4 120 8.27 49.87 256 23.4 
T04 1.00 2.0 Wed 6/10/15 9:35 AM 9:41 AM 13.3 120 8.16 49.74 247 21.8 
T05 1.00 3.0 Thurs 6/11/15 9:35 AM 9:58 AM 13.3 120 8.13 49.91 271 22.0 
T06 1.00 4.0 Fri 6/12/15 9:35 AM 9:51 AM 13.3 120 8.14 49.96 197 22.3 
T07 1.00 5.0 Sat 6/13/15 9:35 AM 9:35 AM 13.3 119 8.13 49.52 282 21.3 
T08 2.00 7.0 Mon 6/15/15 9:35 AM 10:01 AM 13.2 119 8.16 49.72 235 21.6 
T09 3.00 10.0 Thurs 6/18/15 9:35 AM 9:46 AM 13.1 119 8.20 50.68 228 22.7 
T10 4.00 14.0 Mon 6/22/15 9:35 AM 9:51 AM 13.0 118 8.26 49.76 242 23.2 
T11 7.00 21.0 Mon 6/29/15 9:35 AM 9:45 AM 12.9 118 8.23 49.79 246 21.6 
T12 7.00 28.0 Mon 7/6/15 9:35 AM 9:56 AM 12.9 115 8.10 49.94 278 20.9 
T13 7.00 35.0 Mon 7/13/15 9:35 AM 10:19 AM 12.8 118 8.11 50.32 197 23.4 
T14 7.00 42.0 Mon 7/20/15 9:35 AM 10:17 AM 12.7 120 7.95 50.18 237 23.2 
T15 7.00 49.0 Mon 7/27/15 9:35 AM 10:05 AM 12.6 118 8.14 51.17 214 22.8 
T16 14.00 63.0 Mon 8/10/15 9:35 AM 10:23 AM 12.5 119 8.15 52.42 219 23.3 







Replicate 2    Mass of Sample + Holder Final Mass 3.7 g 














































T01 0.08 0.08 Mon 6/8/15 11:35 AM 11:53 AM 12.7 120 8.10 49.59 264 22.6 
T02 0.21 0.29 Mon 6/8/15 4:32 PM 4:40 PM 12.7 119 8.07 49.69 267 23.4 
T03 0.71 1.00 Tue 6/9/15 9:35 AM 9:47 AM 12.7 120 8.24 49.62 256 23.5 
T04 1.00 2.0 Wed 6/10/15 9:35 AM 9:41 AM 12.6 120 8.24 49.73 248 22.0 
T05 1.00 3.0 Thurs 6/11/15 9:35 AM 9:59 AM 12.6 120 8.21 49.88 272 22.1 
T06 1.00 4.0 Fri 6/12/15 9:35 AM 9:52 AM 12.6 120 8.19 49.45 207 22.2 
T07 1.00 5.0 Sat 6/13/15 9:35 AM 9:36 AM 12.5 119 8.18 49.94 282 21.7 
T08 2.00 7.0 Mon 6/15/15 9:35 AM 10:02 AM 12.5 119 8.21 50.02 243 21.6 
T09 3.00 10.0 Thurs 6/18/15 9:35 AM 9:47 AM 12.8 118 8.25 50.11 233 22.7 
T10 4.00 14.0 Mon 6/22/15 9:35 AM 9:52 AM 12.3 118 8.29 50.02 248 23.0 
T11 7.00 21.0 Mon 6/29/15 9:35 AM 9:46 AM 12.2  8.29 50.55 245 21.7 
T12 7.00 28.0 Mon 7/6/15 9:35 AM 9:56 AM 12.1 119 8.16 49.74 268 21.0 
T13 7.00 35.0 Mon 7/13/15 9:35 AM 10:19 AM 12.0 118 8.15 50.40 200 23.4 
T14 7.00 42.0 Mon 7/20/15 9:35 AM 10:17 AM 11.9 120 8.07 50.25 254 23.6 
T15 7.00 49.0 Mon 7/27/15 9:35 AM 10:09 AM 11.9 118 8.19 51.15 217 22.9 
T16 14.00 63.0 Mon 8/10/15 9:35 AM 10:24 AM 11.7 114 8.17 52.51 225 23.3 






Replicate 3    Mass of Sample + Holder Final Mass 4.5 g 














































T01 0.08 0.08 Mon 6/8/15 11:35 AM 11:54 AM 13.3 120 8.11 49.55 262 22.5 
T02 0.21 0.29 Mon 6/8/15 4:32 PM 4:41 PM 13.3 120 8.12 49.61 285 23.1 
T03 0.71 1.00 Tue 6/9/15 9:35 AM 9:48 AM 13.3 120 8.30 49.74 254 23.4 
T04 1.00 2.0 Wed 6/10/15 9:35 AM 9:42 AM 13.2 120 8.29 49.79 248 22.1 
T05 1.00 3.0 Thurs 6/11/15 9:35 AM 10:00 AM 13.2 120 8.28 49.52 270 22.1 
T06 1.00 4.0 Fri 6/12/15 9:35 AM 9:52 AM 13.1 119 8.22 49.41 213 22.3 
T07 1.00 5.0 Sat 6/13/15 9:35 AM 9:37 AM 13.1 118 8.19 48.15 255 21.8 
T08 2.00 7.0 Mon 6/15/15 9:35 AM 10:02 AM 13.0 120 8.29 50.31 194 21.7 
T09 3.00 10.0 Thurs 6/18/15 9:35 AM 9:48 AM 13.3 118 8.33 50.16 235 22.9 
T10 4.00 14.0 Mon 6/22/15 9:35 AM 9:53 AM 12.9 118 8.35 50.02 248 23.0 
T11 7.00 21.0 Mon 6/29/15 9:35 AM 9:47 AM 12.8 117 8.36 50.18 242 21.8 
T12 7.00 28.0 Mon 7/6/15 9:35 AM 9:57 AM 12.6 118 8.14 50.52 265 21.0 
T13 7.00 35.0 Mon 7/13/15 9:35 AM 10:20 AM 12.5 118 8.20 50.38 204 23.4 
T14 7.00 42.0 Mon 7/20/15 9:35 AM 10:18 AM 12.5 120 8.05 49.88 253 23.4 
T15 7.00 49.0 Mon 7/27/15 9:35 AM 10:10 AM 12.4 120 8.15 51.09 233 22.8 
T16 14.00 63.0 Mon 8/10/15 9:35 AM 10:25 AM 12.3 119 8.18 52.34 231 23.4 







Salinity: Brackish water 
Replicate 1    Mass of Sample + Holder Final Mass 3.2 g 














































T01 0.08 0.08 Mon 6/8/15 11:35 AM 11:55 AM 12.3 119 8.20 27.26 258 22.6 
T02 0.21 0.29 Mon 6/8/15 4:32 PM 4:42 PM 12.3 120 8.13 27.05 261 23.5 
T03 0.71 1.00 Tue 6/9/15 9:35 AM 9:49 AM 12.2 120 8.39 26.64 258 23.3 
T04 1.00 2.0 Wed 6/10/15 9:35 AM 9:48 AM 12.1 120 8.39 27.33 244 21.9 
T05 1.00 3.0 Thurs 6/11/15 9:35 AM 10:01 AM 12.1 121 8.41 26.70 262 22.1 
T06 1.00 4.0 Fri 6/12/15 9:35 AM 9:53 AM 12.2 118 8.32 26.87 202 22.1 
T07 1.00 5.0 Sat 6/13/15 9:35 AM 9:38 AM 12.1 118 8.29 26.24 255 21.7 
T08 2.00 7.0 Mon 6/15/15 9:35 AM 10:03 AM 12.1 119 8.44 26.65 204 21.7 
T09 3.00 10.0 Thurs 6/18/15 9:35 AM 9:50 AM 12.0 119 8.55 27.46 228 22.8 
T10 4.00 14.0 Mon 6/22/15 9:35 AM 9:54 AM 11.9 118 8.49 27.30 248 23.2 
T11 7.00 21.0 Mon 6/29/15 9:35 AM 9:47 AM 11.8 116 8.50 27.28 236 21.8 
T12 7.00 28.0 Mon 7/6/15 9:35 AM 9:57 AM 11.7 117 7.98 27.49 260 20.7 
T13 7.00 35.0 Mon 7/13/15 9:35 AM 10:21 AM 11.5 118 8.37 27.59 201 23.4 
T14 7.00 42.0 Mon 7/20/15 9:35 AM 10:18 AM 11.5 120 8.22 27.19 246 23.5 
T15 7.00 49.0 Mon 7/27/15 9:35 AM 10:11 AM 11.4 120 8.36 27.92 226 22.8 
T16 14.00 63.0 Mon 8/10/15 9:35 AM 10:26 AM 11.3 118 8.45 28.52 220 23.2 






Replicate 2    Mass of Sample + Holder Final Mass 4.6 g 














































T01 0.08 0.08 Mon 6/8/15 11:35 AM 11:56 AM 13.3 120 8.30 27.15 256 22.5 
T02 0.21 0.29 Mon 6/8/15 4:32 PM 4:42 PM 13.4 119 8.21 27.31 261 23.6 
T03 0.71 1.00 Tue 6/9/15 9:35 AM 9:51 AM 13.4 120 8.40 26.94 254 23.2 
T04 1.00 2.0 Wed 6/10/15 9:35 AM 9:49 AM 13.2 120 8.48 27.51 245 21.9 
T05 1.00 3.0 Thurs 6/11/15 9:35 AM 10:01 AM 13.3 120 8.49 27.16 261 22.1 
T06 1.00 4.0 Fri 6/12/15 9:35 AM 9:54 AM 13.2 118 8.41 26.69 198 22.2 
T07 1.00 5.0 Sat 6/13/15 9:35 AM 9:39 AM 13.2 119 8.35 26.35 252 21.7 
T08 2.00 7.0 Mon 6/15/15 9:35 AM 10:04 AM 13.1 120 8.50 26.62 219 21.7 
T09 3.00 10.0 Thurs 6/18/15 9:35 AM 9:50 AM 13.0 119 8.58 27.44 236 22.9 
T10 4.00 14.0 Mon 6/22/15 9:35 AM 9:54 AM 12.9 118 8.52 27.25 253 23.2 
T11 7.00 21.0 Mon 6/29/15 9:35 AM 9:48 AM 12.8 116 8.59 27.41 3.7 21.8 
T12 7.00 28.0 Mon 7/6/15 9:35 AM 9:58 AM 17.7 116 7.74 27.18 258 20.9 
T13 7.00 35.0 Mon 7/13/15 9:35 AM 10:22 AM 12.6 118 8.48 27.63 197 23.4 
T14 7.00 42.0 Mon 7/20/15 9:35 AM 10:18 AM 12.5 121 8.34 26.88 244 23.4 
T15 7.00 49.0 Mon 7/27/15 9:35 AM 10:11 AM 12.5 120 8.43 27.89 226 22.7 
T16 14.00 63.0 Mon 8/10/15 9:35 AM 10:26 AM 12.4 120 8.48 28.38 224 23.1 







Replicate 3    Mass of Sample + Holder Final Mass 4.2 g 














































T01 0.08 0.08 Mon 6/8/15 11:35 AM 11:57 AM 13.5 120 8.29 27.69 254 22.5 
T02 0.21 0.29 Mon 6/8/15 4:32 PM 4:43 PM 13.2 118 8.22 27.34 260 23.2 
T03 0.71 1.00 Tue 6/9/15 9:35 AM 9:52 AM 13.2 120 8.55 27.26 252 23.1 
T04 1.00 2.0 Wed 6/10/15 9:35 AM 9:45 AM 13.1 120 8.57 27.51 242 22 
T05 1.00 3.0 Thurs 6/11/15 9:35 AM 10:02 AM 13.1 120 8.53 26.76 261 22.1 
T06 1.00 4.0 Fri 6/12/15 9:35 AM 9:50 AM 13.0 119 8.37 26.75 210 22.2 
T07 1.00 5.0 Sat 6/13/15 9:35 AM 9:40 AM 12.9 118 8.43 26.62 256 21.8 
T08 2.00 7.0 Mon 6/15/15 9:35 AM 10:04 AM 12.9 120 8.51 26.96 226 21.7 
T09 3.00 10.0 Thurs 6/18/15 9:35 AM 9:51 AM 12.8 122 8.64 26.62 236 23 
T10 4.00 14.0 Mon 6/22/15 9:35 AM 9:54 AM 12.7 120 8.65 27.12 252 23.2 
T11 7.00 21.0 Mon 6/29/15 9:35 AM 9:48 AM 12.6 116 8.64 27.52 237 22 
T12 7.00 28.0 Mon 7/6/15 9:35 AM 9:58 AM 12.5 117 8.11 26.24 256 20.9 
T13 7.00 35.0 Mon 7/13/15 9:35 AM 1:53 PM 12.4 118 8.51 27.49 197 23.4 
T14 7.00 42.0 Mon 7/20/15 9:35 AM 10:19 AM 12.3 121 8.37 27.29 244 23.4 
T15 7.00 49.0 Mon 7/27/15 9:35 AM 10:12 AM 12.2 119 8.57 28.07 226 22.7 
T16 14.00 63.0 Mon 8/10/15 9:35 AM 10:27 AM 12.1 117 8.55 28.40 229 23.2 








Replicate 1    Mass of Sample + Holder Final Mass 4.2 g 














































T01 0.08 0.08 Mon 6/8/15 11:35 AM 11:57 AM 13.1 120 8.51 1.64 237 22.6 
T02 0.21 0.29 Mon 6/8/15 4:32 PM 4:44 PM 13.1 121 8.22 1.76 237 23.3 
T03 0.71 1.00 Tue 6/9/15 9:35 AM 9:53 AM 13.0 121 9.44 2.22 222 23.1 
T04 1.00 2.0 Wed 6/10/15 9:35 AM 9:46 AM 12.9 121 9.55 2.21 211 21.8 
T05 1.00 3.0 Thurs 6/11/15 9:35 AM 10:03 AM 12.8 120 9.56 2.04 226 21.9 
T06 1.00 4.0 Fri 6/12/15 9:35 AM 9:51 AM 12.8 120 9.62 1.92 176 22.1 
T07 1.00 5.0 Sat 6/13/15 9:35 AM 9:41 AM 12.8 120 9.67 1.86 212 21.5 
T08 2.00 7.0 Mon 6/15/15 9:35 AM 10:05 AM 12.7 120 9.86 2.20 186 21.6 
T09 3.00 10.0 Thurs 6/18/15 9:35 AM 9:53 AM 12.7 118 10.06 2.31 192 23.0 
T10 4.00 14.0 Mon 6/22/15 9:35 AM 9:56 AM 12.6 119 10.12 2.41 203 23.2 
T11 7.00 21.0 Mon 6/29/15 9:35 AM 9:49 AM 12.5 118 10.25 2.45 170 21.9 
T12 7.00 28.0 Mon 7/6/15 9:35 AM 9:58 AM 12.4 117 10.10 2.39 201 20.9 
T13 7.00 35.0 Mon 7/13/15 9:35 AM 10:24 AM 12.3 120 10.13 2.37 155 23.2 
T14 7.00 42.0 Mon 7/20/15 9:35 AM 10:19 AM 12.2 122 10.07 2.51 190 23.2 
T15 7.00 49.0 Mon 7/27/15 9:35 AM 10:13 AM 12.2 118 10.15 2.22 179 22.4 
T16 14.00 63.0 Mon 8/10/15 9:35 AM 10:27 AM 12.1 118 10.31 2.59 168 23.0 







Replicate 2    Mass of Sample + Holder Final Mass 4.0 g 














































T01 0.08 0.08 Mon 6/8/15 11:35 AM 11:58 AM 13.0 120 8.48 1.68 238 22.5 
T02 0.21 0.29 Mon 6/8/15 4:32 PM 4:44 PM 13.0 120 8.29 1.79 236 23.3 
T03 0.71 1.00 Tue 6/9/15 9:35 AM 9:50 AM 13.0 120 9.30 2.18 217 23.2 
T04 1.00 2.0 Wed 6/10/15 9:35 AM 9:47 AM 13.0 120 9.40 2.19 215 21.9 
T05 1.00 3.0 Thurs 6/11/15 9:35 AM 10:04 AM 12.8 119 9.44 2.09 229 21.9 
T06 1.00 4.0 Fri 6/12/15 9:35 AM 9:52 AM 12.8 120 9.51 1.94 186 22.0 
T07 1.00 5.0 Sat 6/13/15 9:35 AM 9:41 AM 12.8 119 9.58 1.84 208 21.5 
T08 2.00 7.0 Mon 6/15/15 9:35 AM 10:05 AM 12.7 120 9.71 2.24 192 21.5 
T09 3.00 10.0 Thurs 6/18/15 9:35 AM 9:53 AM 12.7 118 9.85 2.27 195 23.0 
T10 4.00 14.0 Mon 6/22/15 9:35 AM 9:56 AM 12.6 117 9.85 2.35 209 23.1 
T11 7.00 21.0 Mon 6/29/15 9:35 AM 9:50 AM 12.5 120 9..92 2.49 193 21.9 
T12 7.00 28.0 Mon 7/6/15 9:35 AM 9:59 AM 12.4 118 9.83 2.40 207 20.9 
T13 7.00 35.0 Mon 7/13/15 9:35 AM 10:25 AM 12.3 120 9.77 2.37 161 23.3 
T14 7.00 42.0 Mon 7/20/15 9:35 AM 10:20 AM 12.2 121 9.87 2.26 194 23.2 
T15 7.00 49.0 Mon 7/27/15 9:35 AM 10:14 AM 12.1 120 9.85 2.23 186 22.6 
T16 14.00 63.0 Mon 8/10/15 9:35 AM 10:28 AM 12.0 119 9.87 2.60 174 23.0 







Replicate 3    Mass of Sample + Holder Final Mass 4.0 g 














































T01 0.08 0.08 Mon 6/8/15 11:35 AM 11:59 AM 12.9 120 8.44 1.64 240 22.4 
T02 0.21 0.29 Mon 6/8/15 4:32 PM 4:45 PM 12.9 117 8.42 1.79 235 23.2 
T03 0.71 1.00 Tue 6/9/15 9:35 AM 9:51 AM 12.8 120 9.46 2.12 213 23.2 
T04 1.00 2.0 Wed 6/10/15 9:35 AM 9:47 AM 12.8 120 9.51 2.15 206 22.1 
T05 1.00 3.0 Thurs 6/11/15 9:35 AM 10:05 AM 12.7 120 9.64 1.89 22 22.0 
T06 1.00 4.0 Fri 6/12/15 9:35 AM 9:53 AM 12.7 119 9.70 1.89 185 22.1 
T07 1.00 5.0 Sat 6/13/15 9:35 AM 9:42 AM 12.7 119 9.71 1.84 207 21.7 
T08 2.00 7.0 Mon 6/15/15 9:35 AM 10:06 AM 12.6 120 9.86 2.12 194 21.6 
T09 3.00 10.0 Thurs 6/18/15 9:35 AM 9:55 AM 12.6 119 10.00 2.25 190 23.0 
T10 4.00 14.0 Mon 6/22/15 9:35 AM 9:56 AM 12.5 118 10.05 2.35 206 23.2 
T11 7.00 21.0 Mon 6/29/15 9:35 AM 9:50 AM 12.3 119 10.15 2.48 185 22.0 
T12 7.00 28.0 Mon 7/6/15 9:35 AM 10:00 AM 12.2 120 10.07 2.39 196 21.0 
T13 7.00 35.0 Mon 7/13/15 9:35 AM 10:26 AM 12.2 120 10.12 2.40 150 23.2 
T14 7.00 42.0 Mon 7/20/15 9:35 AM 10:20 AM 12.1 120 10.18 2.33 184 23.3 
T15 7.00 49.0 Mon 7/27/15 9:35 AM 10:14 AM 12.0 120 10.05 2.23 181 22.2 
T16 14.00 63.0 Mon 8/10/15 9:35 AM 10:28 AM 11.9 119 10.27 2.59 160 23.1 







Appendix E. Pressurized Specimen Sulfate and Calcium Release 
Composition: 62-3-35 
Salinity: Saltwater (30 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.26 5.24 10.68 15.73 19.64 23.43 26.42 32.25 38.18 45.47 54.44 62.05 68.74 74.83 81.06  87.43 93.88 
2 2.72 4.92 9.34 14.05 18.17 21.92 25.14 31.19 37.32 44.35 53.52 60.91 67.47 73.33 79.78  86.83 93.68 
3 2.33 4.44 8.74 13.73 18.05 22.09 25.12 30.49 36.11 43.15 51.26 57.30 63.17 69.91 76.67  83.60 89.95 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.21 1.94 4.13 6.23 7.98 10.19 11.24 13.32 15.54 18.12 21.53 24.46  28.53 30.63  33.78 36.55 
2 0.98 2.02 4.26 6.54 8.28 10.35 11.57 13.57 15.78 18.18 21.38 24.04  28.28 30.34  33.59 36.64 
3 0.78 1.84 4.17 6.41 8.00 10.17 11.28 13.20 15.38 17.61 20.87 23.99  28.18 30.36  33.61 36.62 
 
Salinity: Brackish water (15 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.22 5.35 10.59 16.77 21.44 25.07 28.91 34.41 40.47 46.80 56.26 63.67 70.30 75.03 80.67  86.66 91.72 
2 2.16 4.56 10.20 15.96 21.10 24.71 27.02 32.77 38.88 45.08 54.12 61.53 67.24 72.77 78.17  84.40 88.65 
3 2.78 5.72 11.02 16.87 21.49 24.97 30.17 35.58 41.63 48.07 57.67 65.73 72.26 77.33 82.33  88.19 92.98 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 








Salinity: Freshwater (0.5 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.20 5.16 10.26 15.10 19.34 22.65 25.47 30.13 35.17 40.53 46.77 52.06 57.36 62.11 66.40  72.54 77.93 
2 2.33 5.37 10.32 14.75 18.47 21.69 24.53 28.64 33.28 38.19 43.91 48.77 53.68 58.32 62.86  69.14 74.84 
3 2.18 4.99 10.23 15.28 19.45 22.83 25.63 30.00 35.31 40.62 47.06 52.70 57.97 62.96 67.34  73.67 79.24 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 





Salinity: Saltwater (30 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.70 3.44 8.90 13.84 18.61 21.03 24.02 28.82 35.47 42.21 47.28 53.21 59.49 65.15 69.47  75.84 80.46 
2 1.73 3.82 9.00 13.89 18.98 21.49 24.04 28.80 35.72 42.66 46.18 52.59 58.91 65.21 69.36  75.70 79.66 
3 2.58 4.45 9.56 14.80 19.38 21.20 24.07 29.55 35.90 42.58 46.71 53.76 59.22 64.83 69.41  75.80 79.57 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 







Salinity: Brackish water (15 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.62 4.20 9.81 15.97 20.39 23.58 28.48 33.11 40.21 45.80 51.40 58.41 63.13 67.43 70.74  75.42 79.55 
2 2.09 3.90 9.45 15.53 20.77 24.12 28.63 32.49 38.35 42.85 50.47 57.47 62.77 66.74 69.69  75.03 83.79 
3 1.66 4.70 10.20 15.79 20.98 24.33 29.96 34.79 41.76 47.29 54.05 61.25 66.37 71.18 75.33  80.56 85.15 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 




Salinity: Freshwater (0.5 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.08 4.85 9.84 14.60 18.51 21.81 24.78 29.07 34.20 39.24 45.17 49.98 54.43 58.17 61.71  66.69 71.28 
2 1.85 4.37 9.07 13.85 24.85 28.18 31.45 35.91 40.84 45.93 52.03 57.48 62.22 66.38 69.91  75.58 80.52 
3 2.22 4.62 9.30 14.08 18.50 21.92 24.79 29.06 33.94 39.13 45.40 50.51 55.56 60.06 63.89  69.71 74.87 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 








Salinity: Saltwater (30 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.98 5.62 11.49 15.09 18.64 19.14 22.08 25.72 29.85 35.86 42.66 48.87 54.60 61.19 67.60  76.11 83.43 
2 3.54 6.54 11.82 16.29 21.03 21.78 26.12 30.97 36.80 43.50 52.39 58.89 66.69 73.79 79.58  88.76 95.95 
3 2.91 5.99 11.14 16.97 22.19 23.22 27.36 32.09 38.69 46.83 55.91 63.32 71.42 77.68 83.04  91.58 97.20 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.21 1.94 4.13 6.23 7.98 10.19 11.24 13.32 15.54 18.12 21.53 24.46  28.53 30.63  33.78 36.55 
2 0.98 2.02 4.26 6.54 8.28 10.35 11.57 13.57 15.78 18.18 21.38 24.04  28.28 30.34  33.59 36.64 
3 0.78 1.84 4.17 6.41 8.00 10.17 11.28 13.20 15.38 17.61 20.87 23.99  28.18 30.36  33.61 36.62 
 
 
Salinity: Brackish water (15 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.95 5.03 9.65 14.95 19.12 20.47 24.70 29.18 34.85 40.42 48.93 56.37 63.70 69.95 76.48  84.81 91.99 
2 2.88 5.48 10.85 16.75 22.18 24.45 28.18 33.37 40.44 46.85 56.49 64.15 71.04 76.04 81.67  89.96 97.11 
3 2.69 6.42 12.33 18.60 23.71 26.58 32.55 38.10 44.45 51.67 61.63 69.41 76.93 82.73 88.12  96.12 101.83 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 







Salinity: Freshwater (0.5 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.22 5.09 10.52 15.93 20.80 24.90 28.45 33.55 39.51 45.64 52.76 59.11 65.17 70.69 76.11  83.43 89.79 
2 2.48 5.67 10.83 16.08 20.68 24.59 28.02 32.78 38.36 44.32 49.32 55.31 61.57 67.23 72.63  80.37 86.99 
3 2.28 4.78 9.70 14.78 19.24 23.02 26.39 31.20 36.66 42.56 48.22 54.47 60.85 66.88 72.31  79.86 86.16 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 







Appendix F. MATLAB Optimization Routine 
Call FMINCON function script 
 
%Script for calling fmincon procedure used for optimizing fluorogypsum %(%)(FG)-
Type I/II Portland cement (%)(PC)-Class C fly ash (%)(FA) 
%inputs 
clc %clear output 
clear %clear workspace 
x0 = [.8;.05]; %initial value 
lb = [.6;.02]; %lower bound 
ub = [.9;.1]; %upper bound 
%fmincon procedure with output x = [FG,PC] fval = COST/DELTA 





%Mass release = K2*sqrt(t)+ K3*t 
%K2 = b0 + b1*FG + b2*PC + b3*FG^2 + b4*PC^2 + b5*FG*PC + b6*FG^2*PC + 
%b7*FG*PC^2 + b8*FG^2*PC^2 
%K3 = g0 + g1*FG + g2*PC + g3*FG^2 + g4*PC^2 + g5*FG*PC + g6*FG^2*PC + 
%g7*FG*PC^2 + g8*FG^2*PC^2 
function fun = opt(x) 
 
t = 365; %Use when determining a specific t 
 
% Cost of each component in $/ton 
 
FGcost = 3; 
PCcost = 120; 
FAcost = 50; 
 
% cost = materials’ cost in $/ton 
cost = (x(1)*FGcost + x(2)*PCcost + (1 - x(1) - x(2))*FAcost); 
 
% g ion/g sample 
FGso = 0.6245; % Sulfate (so) 
PCso = 0.0466; % Sulfate 
FAso = 0.0408; % Sulfate 
FGca = 0.2467; % Calcium (ca) 
PCca = 0.4057; % Calcium 
FAca = 0.1891; % Calcium 
  
Md = 88; % Dry mass of specimen (g) 




As = 89.7; % Surface area of specimen (cm^2) 
  
%mg ion/cm^3 
%C0 indicates surface concentration 
swC0so = 2.52; % Sulfate in Saltwater (SW) 
swC0ca = 0.0462; % Calcium in SW 
bwC0so = 1.26; % Sulfate in Brackish water (BW) 
bwC0ca = 0.231; % Calcium in BW 
fwC0so = 0.0416; % Sulfate in Freshwater (FW) 
fwC0ca = 0.00763; % Calcium in FW 
  
% Coefficients of mass release 
  

















































% Difference in bulk and surface concentration 
swCso = (((x(1)*FGso +x(2)*PCso + (1 - x(1) - x(2))*FAso)*(Md*1000)/Vs) - swC0so); 
swCca = (((x(1)*FGca +x(2)*PCca + (1 - x(1) - x(2))*FAca)*(Md*1000)/Vs) - swC0ca); 
bwCso = (((x(1)*FGso +x(2)*PCso + (1 - x(1) - x(2))*FAso)*(Md*1000)/Vs) - bwC0so); 
bwCca = (((x(1)*FGca +x(2)*PCca + (1 - x(1) - x(2))*FAca)*(Md*1000)/Vs) - bwC0ca); 
  
fwCso = (((x(1)*FGso +x(2)*PCso + (1 - x(1) - x(2))*FAso)*(Md*1000)/Vs) - fwC0so); 
fwCca = (((x(1)*FGca +x(2)*PCca + (1 - x(1) - x(2))*FAca)*(Md*1000)/Vs) - fwC0ca); 
 























































% Critical time (tc) and mass release (M) for each salinity and ion 
swtcso = (swK2so./(2*swK3so)).^2; 
swMsotc = (swK2so.*swCso.*sqrt(swtcso) + swK3so.*swCso.*swtcso); 
swMso = (swK2so.*swCso*sqrt(t) + swK3so.*swCso*t);  
swtcca = (swK2ca./(2*swK3ca)).^2; 
swMcatc = (swK2ca.*swCca.*sqrt(swtcca) + swK3ca.*swCca.*swtcca); 
swMca = (swK2ca.*swCca*sqrt(t) + swK3ca.*swCca*t);  
 
bwtcso = (bwK2so./(2*bwK3so)).^2; 
bwMsotc = (bwK2so.*bwCso.*sqrt(bwtcso) + bwK3so.*bwCso.*bwtcso); 
bwMso = (bwK2so.*bwCso*sqrt(t) + bwK3so.*bwCso*t);  
bwtcca = (bwK2ca./(2*bwK3ca)).^2; 
bwMcatc = (bwK2ca.*bwCca.*sqrt(bwtcca) + bwK3ca.*bwCca.*bwtcca); 
bwMca = (bwK2ca.*bwCca*sqrt(t) + bwK3ca.*bwCca*t);  
  
fwtcso = (fwK2so./(2*fwK3so)).^2; 
fwMsotc = (fwK2so.*fwCso.*sqrt(fwtcso) + fwK3so.*fwCso.*fwtcso); 




fwtcca = (fwK2ca./(2*fwK3ca)).^2; 
fwMcatc = (fwK2ca.*fwCca.*sqrt(fwtcca) + fwK3ca.*fwCca.*fwtcca); 
fwMca = (fwK2ca.*fwCca*sqrt(t) + fwK3ca.*fwCca*t);  
 
%Calculation of retained mass (R) for each salinity 
%Lines with tc indicate retained mass at critical time 
swdelta = 1 - (As/(Md*1000))*(swMso + swMca); 
bwdelta = 1 - (As/(Md*1000))*(bwMso + bwMca); 
fwdelta = 1 - (As/(Md*1000))*(fwMso + fwMca); 
swdeltatc = 1 - (As/(Md*1000))*(swMsotc + swMcatc); 
bwdeltatc = 1 - (As/(Md*1000))*(bwMsotc + bwMcatc); 
fwdeltatc = 1 - (As/(Md*1000))*(fwMsotc + fwMcatc); 
 
%Cost per retained mass 
%Select line based on salinity and time 
fun = cost/swdelta; 
%fun = cost/bwdelta; 
%fun = cost/fwdelta; 
%fun = cost/Swdeltatc; 
%fun = cost/bwdeltatc; 
%fun = cost/fwdeltatc; 
end 
 
Compressive strength constraint script 
 
function [con,ceq]= constraint(x) 
 
% Cost of each component in $/ton 
 
FGcost = 3; 
PCcost = 120; 
FAcost = 50; 
 
% cost = materials’ cost in $/ton 
cost = (x(1)*FGcost + x(2)*PCcost + (1 - x(1) - x(2))*FAcost); 
 
% g ion/g sample 
FGso = 0.6245; % Sulfate (so) 
PCso = 0.0466; % Sulfate 
FAso = 0.0408; % Sulfate 
FGca = 0.2467; % Calcium (ca) 
PCca = 0.4057; % Calcium 
FAca = 0.1891; % Calcium 
  
Md = 88; % Dry mass of specimen (g) 




As = 89.7; % Surface area of specimen (cm^2) 
  
%mg ion/cm^3 
%C0 indicates surface concentration 
swC0so = 2.52; % Sulfate in Saltwater (SW) 
swC0ca = 0.0462; % Calcium in SW 
bwC0so = 1.26; % Sulfate in Brackish water (BW) 
bwC0ca = 0.231; % Calcium in BW 
fwC0so = 0.0416; % Sulfate in Freshwater (FW) 
fwC0ca = 0.00763; % Calcium in FW 
  
% Coefficients of mass release 
  

















































% Difference in bulk and surface concentration 
swCso = (((x(1)*FGso +x(2)*PCso + (1 - x(1) - x(2))*FAso)*(Md*1000)/Vs) - swC0so); 
swCca = (((x(1)*FGca +x(2)*PCca + (1 - x(1) - x(2))*FAca)*(Md*1000)/Vs) - swC0ca); 
 
bwCso = (((x(1)*FGso +x(2)*PCso + (1 - x(1) - x(2))*FAso)*(Md*1000)/Vs) - bwC0so); 
bwCca = (((x(1)*FGca +x(2)*PCca + (1 - x(1) - x(2))*FAca)*(Md*1000)/Vs) - bwC0ca); 
  
fwCso = (((x(1)*FGso +x(2)*PCso + (1 - x(1) - x(2))*FAso)*(Md*1000)/Vs) - fwC0so); 
fwCca = (((x(1)*FGca +x(2)*PCca + (1 - x(1) - x(2))*FAca)*(Md*1000)/Vs) - fwC0ca); 
 























































% Critical time (tc) and mass release (M) for each salinity and ion 
swtcso = (swK2so./(2*swK3so)).^2; 
swMsotc = (swK2so.*swCso.*sqrt(swtcso) + swK3so.*swCso.*swtcso); 
swtcca = (swK2ca./(2*swK3ca)).^2; 
swMcatc = (swK2ca.*swCca.*sqrt(swtcca) + swK3ca.*swCca.*swtcca); 
 
bwtcso = (bwK2so./(2*bwK3so)).^2; 
bwMsotc = (bwK2so.*bwCso.*sqrt(bwtcso) + bwK3so.*bwCso.*bwtcso); 
bwtcca = (bwK2ca./(2*bwK3ca)).^2; 
bwMcatc = (bwK2ca.*bwCca.*sqrt(bwtcca) + bwK3ca.*bwCca.*bwtcca); 
  
fwtcso = (fwK2so./(2*fwK3so)).^2; 
fwMsotc = (fwK2so.*fwCso.*sqrt(fwtcso) + fwK3so.*fwCso.*fwtcso); 
fwtcca = (fwK2ca./(2*fwK3ca)).^2; 





%Calculation of retained mass (R) for each salinity 
%Lines with tc indicate retained mass at critical time 
swdeltatc = 1 - (As/(Md*1000))*(swMsotc + swMcatc); 
bwdeltatc = 1 - (As/(Md*1000))*(bwMsotc + bwMcatc); 
fwdeltatc = 1 - (As/(Md*1000))*(fwMsotc + fwMcatc); 
  
    %Compressive strength modeling from Bigdeli et al. (2017) 
     
        %Coefficients of polynomial regression 
        %a#$ a(x^#,y^$) x = PC or x(2)*10 ; y = FG or x(1) 
        a00 = -208.28; 
        a01 = 815.50; 
        a02 = -1009.08; 
        a03 = 404.27; 
        a10 = 3082.11; 
        a11 = -11411.57; 
        a12 = 13930.50; 
        a13 = -5622.92; 
        a20 = -2418.38; 
        a21 = 8758.37; 
        a22 = -10446.88; 
        a23 = 4116.15; 
     
    function Sc = Cstr(constraint) 
        Sc = a00 + a01*x(1) + a02*(x(1))^2 + a03*(x(1))^3 + a10*(x(2)*10) ... 
            + a11*(x(2)*10)*x(1) + a12*(x(2)*10)*(x(1))^2 + a13*(x(2)*10)*(x(1))^3 ... 
            + a20*(x(2)*10)^2 + a21*(x(2)*10)^2*x(1) + a22*(x(2)*10)^2*(x(1))^2 ... 
            + a23*(x(2)*10)^2*(x(1))^3; 
    end 
%Compressive strength constraint >= 4.137 MPa or 600 psi 
con(1) = -Cstr + 4.137; 
%Constraint that retained mass must be positive at tc 
con(2) = -swdeltatc; 
%con(2) = -bwdeltatc; 
%con(2) = -fwdeltatc; 








Appendix G. Optimized Specimen Dynamic Leaching Interval Exchanges 
Composition: 75.04% fluorogypsum, 2% Portland type I/II cement, 22.96% class C fly ash 
Salinity: Saltwater 
Replicate 1    Mass of Sample + Holder Final Mass 72.6 g 















































T01 0.08 0.08 Mon 11/28/16 1:17 PM 1:28 PM 121.4 850 8.16 49.8 -15 22.5 
T02 0.21 0.29 Mon 11/28/16 6:14 PM 6:25 PM 121.2 850 8.09 50.7 18 22.9 
T03 0.71 1.00 Tue 11/29/16 11:17 AM 11:36 AM 120.8 850 8.15 50.8 32 23.2 
T04 1.00 2.0 Wed 11/30/16 11:17 AM 11:30 AM 120.3 855 8.20 51.8 -3 23.4 
T05 1.00 3.0 Thurs 12/1/16 11:17 AM 12:37 PM 119.9 850 8.14 50.69 -7 23.3 
T06 1.00 4.0 Fri 12/2/16 11:17 AM 12:12 PM 119.4 850 8.22 50.71 -10 23.1 
T07 1.00 5.0 Sat 12/3/16 11:17 AM 11:35 AM 118.9 850 8.18 50.59 -5 23.1 
T08 2.00 7.0 Mon 12/5/16 11:17 AM 12:28 PM 118.5 850 8.10 51.24 36 22.7 
T09 3.00 10.0 Thurs 12/8/16 11:17 AM 12:25 PM 117.9 850 7.99 50.72 -10 22.9 
T10 4.00 14.0 Mon 12/12/16 11:17 AM 12:37 PM 117.2 850 7.99 48.79 38 22.6 
T11 7.00 21.0 Mon 12/19/16 11:17 AM 12:48 PM 116.5 845 7.95 49.06 65 22.7 
T12 7.00 28.0 Mon 12/26/16 11:17 AM 1:20 PM 115.9 850 7.82 49.23 50 25.1 
T13 7.00 35.0 Mon 1/2/17 11:17 AM 12:53 PM 115.4 845 7.84 49.25 23 23.6 
T14 7.00 42.0 Mon 1/9/17 11:17 AM 11:52 AM 114.8 850 7.77 49.7 53 18.2 
T15 7.00 49.0 Mon 1/16/17 11:17 AM 12:35 PM 114.0 850 7.80 49.35 18 24.8 
T16 14.00 63.0 Mon 1/30/17 11:17 AM 12:48 PM 113.2 850 7.81 49.57 24 24.1 






Replicate 2    Mass of Sample + Holder Final Mass 74.2 g 















































T01 0.08 0.08 Mon 11/28/16 1:17 PM 1:29 PM 123.7 850 8.25 49.91 -10 22.4 
T02 0.21 0.29 Mon 11/28/16 6:14 PM 6:26 PM 123.6 850 8.20 50.73 20 22.8 
T03 0.71 1.00 Tue 11/29/16 11:17 AM 11:37 AM 123.0 850 8.23 51.06 26 23.2 
T04 1.00 2.0 Wed 11/30/16 11:17 AM 11:31 AM 122.7 850 8.18 51.75 2 23.4 
T05 1.00 3.0 Thurs 12/1/16 11:17 AM 12:38 PM 122.2 850 8.13 50.62 -5 23.2 
T06 1.00 4.0 Fri 12/2/16 11:17 AM 12:13 PM 121.6 850 8.19 50.78 -6 23.1 
T07 1.00 5.0 Sat 12/3/16 11:17 AM 11:35 AM 121.3 850 8.17 51.02 -1 23.0 
T08 2.00 7.0 Mon 12/5/16 11:17 AM 12:29 PM 120.7 850 8.09 51.27 32 22.6 
T09 3.00 10.0 Thurs 12/8/16 11:17 AM 12:26 PM 120.0 850 7.98 50.34 44 22.6 
T10 4.00 14.0 Mon 12/12/16 11:17 AM 12:38 PM 119.3 850 8.00 49.02 30 22.5 
T11 7.00 21.0 Mon 12/19/16 11:17 AM 12:50 PM 118.5 850 7.95 49.12 58 22.7 
T12 7.00 28.0 Mon 12/26/16 11:17 AM 1:21 PM 117.9 850 7.91 49.29 41 25.1 
T13 7.00 35.0 Mon 1/2/17 11:17 AM 12:54 PM 117.1 845 7.79 50.05 16 23.6 
T14 7.00 42.0 Mon 1/9/17 11:17 AM 11:53 AM 116.5 850 7.90 49.89 42 17.9 
T15 7.00 49.0 Mon 1/16/17 11:17 AM 12:36 PM 115.8 850 7.83 49.43 15 24.8 
T16 14.00 63.0 Mon 1/30/17 11:17 AM 12:49 PM 114.9 850 7.84 49.62 18 24.1 







Replicate 3    Mass of Sample + Holder Final Mass 75.4 g 















































T01 0.08 0.08 Mon 11/28/16 1:17 PM 1:30 PM 124.5 850 8.27 49.94 -1 22.4 
T02 0.21 0.29 Mon 11/28/16 6:14 PM 6:27 PM 124.4 850 8.25 50.38 24 22.9 
T03 0.71 1.00 Tue 11/29/16 11:17 AM 11:37 AM 123.9 850 8.24 50.99 30 23.2 
T04 1.00 2.0 Wed 11/30/16 11:17 AM 11:32 AM 123.4 850 8.18 51.7 5 23.5 
T05 1.00 3.0 Thurs 12/1/16 11:17 AM 11:39 AM 123.1 850 8.30 50.84 -1 23.2 
T06 1.00 4.0 Fri 12/2/16 11:17 AM 12:14 PM 122.5 850 8.17 50.62 0 23.1 
T07 1.00 5.0 Sat 12/3/16 11:17 AM 11:37 AM 122.2 850 8.16 51.11 5 22.9 
T08 2.00 7.0 Mon 12/5/16 11:17 AM 12:30 PM 121.7 850 8.09 51.29 31 22.6 
T09 3.00 10.0 Thurs 12/8/16 11:17 AM 12:27 PM 120.9 850 8.03 50.25 41 22.1 
T10 4.00 14.0 Mon 12/12/16 11:17 AM 12:39 PM 120.9 850 7.97 49.04 32 22.5 
T11 7.00 21.0 Mon 12/19/16 11:17 AM 12:51 PM 119.6 850 7.95 49.15 55 22.7 
T12 7.00 28.0 Mon 12/26/16 11:17 AM 1:21 PM 118.8 850 7.86 49.30 42 25.0 
T13 7.00 35.0 Mon 1/2/17 11:17 AM 12:55 PM 118.1 845 7.79 49.88 19 23.8 
T14 7.00 42.0 Mon 1/9/17 11:17 AM 11:54 AM 117.3 850 7.87 49.84 42 17.9 
T15 7.00 49.0 Mon 1/16/17 11:17 AM 12:37 PM 116.7 850 7.83 49.22 16 24.7 
T16 14.00 63.0 Mon 1/30/17 11:17 AM 12:50 PM 115.9 850 7.76 49.70 23 24.2 







Salinity: Brackish water 
Replicate 1    Mass of Sample + Holder Final Mass 76.7 g 















































T01 0.08 0.08 Mon 11/28/16 1:19 PM 1:31 PM 123.2 850 8.57 27.09 8 22.5 
T02 0.21 0.29 Mon 11/28/16 6:16 PM 6:28 PM 123.0 845 8.53 27.76 4 22.8 
T03 0.71 1.00 Tue 11/29/16 11:19 AM 11:39 AM 122.4 850 8.55 28.13 36 23.2 
T04 1.00 2.0 Wed 11/30/16 11:19 AM 11:33 AM 121.8 850 8.50 28.19 17 23.4 
T05 1.00 3.0 Thurs 12/1/16 11:19 AM 12:40 PM 121.3 870 8.48 27.26 10 23.2 
T06 1.00 4.0 Fri 12/2/16 11:19 AM 12:15 PM 120.9 845 8.49 27.90 14 23.2 
T07 1.00 5.0 Sat 12/3/16 11:19 AM 11:38 AM 120.4 845 8.47 27.91 16 23.0 
T08 2.00 7.0 Mon 12/5/16 11:19 AM 12:31 PM 120.0 845 8.45 28.16 39 22.7 
T09 3.00 10.0 Thurs 12/8/16 11:19 AM 12:28 PM 119.4 850 8.39 27.53 45 22.8 
T10 4.00 14.0 Mon 12/12/16 11:19 AM 12:40 PM 118.8 845 8.29 26.84 38 22.5 
T11 7.00 21.0 Mon 12/19/16 11:19 AM 12:52 PM 118.4 845 8.28 26.91 62 22.7 
T12 7.00 28.0 Mon 12/26/16 11:19 AM 1:22 PM 117.7 850 8.26 27.13 51 25.1 
T13 7.00 35.0 Mon 1/2/17 11:19 AM 12:57 PM 117.1 850 8.17 27.11 26 23.6 
T14 7.00 42.0 Mon 1/9/17 11:19 AM 11:55 AM 116.6 845 8.15 27.15 49 17.9 
T15 7.00 49.0 Mon 1/16/17 11:19 AM 12:39 PM 115.9 850 8.06 27.22 29 24.6 
T16 14.00 63.0 Mon 1/30/17 11:19 AM 12:51 PM 115.3 845 8.13 27.25 35 24.1 






Replicate 2    Mass of Sample + Holder Final Mass 74.7 g 















































T01 0.08 0.08 Mon 11/28/16 1:19 PM 1:33 PM 124.3 845 8.55 27.47 13 22.4 
T02 0.21 0.29 Mon 11/28/16 6:16 PM 6:29 PM 123.9 845 8.58 27.68 37 22.8 
T03 0.71 1.00 Tue 11/29/16 11:19 AM 11:40 AM 123.4 850 8.56 28.13 38 23.2 
T04 1.00 2.0 Wed 11/30/16 11:19 AM 11:34 AM 122.8 850 8.49 28.35 22 23.4 
T05 1.00 3.0 Thurs 12/1/16 11:19 AM 12:40 PM 122.3 850 8.40 27.90 16 23.2 
T06 1.00 4.0 Fri 12/2/16 11:19 AM 12:16 PM 121.8 845 8.44 27.87 19 22.9 
T07 1.00 5.0 Sat 12/3/16 11:19 AM 11:39 AM 121.2 845 8.45 27.94 25 22.9 
T08 2.00 7.0 Mon 12/5/16 11:19 AM 12:32 PM 120.7 850 8.36 28.23 44 22.7 
T09 3.00 10.0 Thurs 12/8/16 11:19 AM 12:29 PM 120.0 845 8.33 27.67 47 22.7 
T10 4.00 14.0 Mon 12/12/16 11:19 AM 12:41 PM 119.2 850 8.29 27.05 39 22.4 
T11 7.00 21.0 Mon 12/19/16 11:19 AM 12:53 PM 118.5 845 8.25 27.18 66 22.7 
T12 7.00 28.0 Mon 12/26/16 11:19 AM 1:23 PM 117.8 850 8.13 27.25 57 25.0 
T13 7.00 35.0 Mon 1/2/17 11:19 AM 12:58 PM 117.1 845 7.91 27.33 32 23.5 
T14 7.00 42.0 Mon 1/9/17 11:19 AM 11:56 AM 118.5 850 8.09 27.25 54 17.7 
T15 7.00 49.0 Mon 1/16/17 11:19 AM 12:40 PM 115.8 850 8.04 27.11 32 24.4 
T16 14.00 63.0 Mon 1/30/17 11:19 AM 12:52 PM 115.1 850 8.04 27.48 40 24.0 







Replicate 3    Mass of Sample + Holder Final Mass 73.4 g 















































T01 0.08 0.08 Mon 11/28/16 1:19 PM 1:35 PM 124.1 850 8.56 27.3 19 22.5 
T02 0.21 0.29 Mon 11/28/16 6:16 PM 6:30 PM 123.6 845 8.54 27.9 42 22.9 
T03 0.71 1.00 Tue 11/29/16 11:19 AM 11:40 AM 123.0 845 8.56 28.2 40 23.2 
T04 1.00 2.0 Wed 11/30/16 11:19 AM 11:35 AM 122.3 850 8.49 28.5 24 23.4 
T05 1.00 3.0 Thurs 12/1/16 11:19 AM 12:42 PM 121.9 845 8.30 28.07 22 23.1 
T06 1.00 4.0 Fri 12/2/16 11:19 AM 12:16 PM 121.2 850 8.42 27.93 23 22.9 
T07 1.00 5.0 Sat 12/3/16 11:19 AM 11:40 AM 120.8 845 8.43 27.96 28 22.9 
T08 2.00 7.0 Mon 12/5/16 11:19 AM 12:33 PM 120.3 845 8.36 28.24 46 22.6 
T09 3.00 10.0 Thurs 12/8/16 11:19 AM 12:30 PM 119.5 845 8.33 27.66 50 22.7 
T10 4.00 14.0 Mon 12/12/16 11:19 AM 12:42 PM 118.7 850 8.31 27.06 42 22.4 
T11 7.00 21.0 Mon 12/19/16 11:19 AM 12:49 PM 118.0 840 8.21 27.32 68 22.7 
T12 7.00 28.0 Mon 12/26/16 11:19 AM 1:24 PM 117.2 845 8.13 27.36 60 25.0 
T13 7.00 35.0 Mon 1/2/17 11:19 AM 12:59 PM 116.3 850 8.05 27.42 35 23.4 
T14 7.00 42.0 Mon 1/9/17 11:19 AM 11:57 AM 115.9 850 8.15 27.4 54 17.7 
T15 7.00 49.0 Mon 1/16/17 11:19 AM 12:41 PM 115.0 850 7.99 27.14 37 24.5 
T16 14.00 63.0 Mon 1/30/17 11:19 AM 12:53 PM 114.1 850 7.92 27.55 46 24.0 







Composition: 85.23% fluorogypsum, 10% Portland type I/II cement, 4.77% class C fly ash 
Salinity: Freshwater 
 
Replicate 1    Mass of Sample + Holder Final Mass 73.1 g 















































T01 0.08 0.08 Mon 11/28/16 1:21 PM 1:37 PM 117.4 850 11.19 1.57 11 22.7 
T02 0.21 0.29 Mon 11/28/16 6:18 PM 6:31 PM 117.1 850 11.26 1.87 29 23.0 
T03 0.71 1.00 Tue 11/29/16 11:21 AM 11:42 AM 116.6 845 11.56 2.53 23 23.2 
T04 1.00 2.0 Wed 11/30/16 11:21 AM 11:36 AM 116.2 850 11.52 2.48 8 23.5 
T05 1.00 3.0 Thurs 12/1/16 11:21 AM 12:43 PM 115.9 850 11.41 2.31 13 23.2 
T06 1.00 4.0 Fri 12/2/16 11:21 AM 12:17 PM 115.5 845 11.37 2.05 12 23.0 
T07 1.00 5.0 Sat 12/3/16 11:21 AM 11:41 AM 115.2 845 11.32 1.99 19 22.9 
T08 2.00 7.0 Mon 12/5/16 11:21 AM 12:34 PM 114.8 850 11.47 2.29 28 22.7 
T09 3.00 10.0 Thurs 12/8/16 11:21 AM 12:31 PM 114.4 845 11.54 2.38 26 22.6 
T10 4.00 14.0 Mon 12/12/16 11:21 AM 12:43 PM 113.9 845 11.55 2.43 27 22.4 
T11 7.00 21.0 Mon 12/19/16 11:21 AM 12:50 PM 113.6 845 11.57 2.66 52 22.7 
T12 7.00 28.0 Mon 12/26/16 11:21 AM 1:25 PM 112.9 845 11.46 2.54 48 25.0 
T13 7.00 35.0 Mon 1/2/17 11:21 AM 1:00 PM 112.5 845 11.42 2.46 4 23.2 
T14 7.00 42.0 Mon 1/9/17 11:21 AM 11:58 AM 112.3 845 11.51 2.35 45 17.9 
T15 7.00 49.0 Mon 1/16/17 11:21 AM 12:42 PM 111.5 850 11.24 2.35 30 24.6 
T16 14.00 63.0 Mon 1/30/17 11:21 AM 12:54 PM 111.1 850 11.36 2.54 38 24.0 







Replicate 2    Mass of Sample + Holder Final Mass 70.3 g 















































T01 0.08 0.08 Mon 11/28/16 1:21 PM 1:38 PM 116.2 845 11.34 1.32 14 22.7 
T02 0.21 0.29 Mon 11/28/16 6:18 PM 6:32 PM 115.8 850 11.25 1.85 31 22.9 
T03 0.71 1.00 Tue 11/29/16 11:21 AM 11:43 AM 115.4 845 11.55 2.54 23 23.2 
T04 1.00 2.0 Wed 11/30/16 11:21 AM 11:37 AM 114.9 850 11.52 2.53 16 23.4 
T05 1.00 3.0 Thurs 12/1/16 11:21 AM 12:44 PM 114.6 850 11.41 2.33 12 23.1 
T06 1.00 4.0 Fri 12/2/16 11:21 AM 12:18 PM 114.2 845 11.36 2.16 11 22.8 
T07 1.00 5.0 Sat 12/3/16 11:21 AM 11:42 AM 113.8 850 11.30 2.04 21 22.8 
T08 2.00 7.0 Mon 12/5/16 11:21 AM 12:35 PM 113.4 850 11.49 2.44 28 22.6 
T09 3.00 10.0 Thurs 12/8/16 11:21 AM 12:32 PM 113 845 11.60 2.63 25 22.5 
T10 4.00 14.0 Mon 12/12/16 11:21 AM 12:43 PM 112.4 845 11.58 2.66 25 22.4 
T11 7.00 21.0 Mon 12/19/16 11:21 AM 12:56 PM 111.7 845 11.65 2.99 47 22.5 
T12 7.00 28.0 Mon 12/26/16 11:21 AM 1:25 PM 110.9 845 11.48 2.80 51 25.0 
T13 7.00 35.0 Mon 1/2/17 11:21 AM 1:01 PM 110.4 845 11.44 2.65 6 23.3 
T14 7.00 42.0 Mon 1/9/17 11:21 AM 11:59 AM 110.1 850 11.51 2.42 45 17.8 
T15 7.00 49.0 Mon 1/16/17 11:21 AM 12:44 PM 109.4 850 11.25 2.40 10 24.4 
T16 14.00 63.0 Mon 1/30/17 11:21 AM 12:55 PM 108.8 845 11.35 2.74 41 24.0 







Replicate 3    Mass of Sample + Holder Final Mass 70.5 g 















































T01 0.08 0.08 Mon 11/28/16 1:21 PM 1:39 PM 115.3 850 11.13 1.605 20 22.7 
T02 0.21 0.29 Mon 11/28/16 6:18 PM 6:32 PM 115.1 850 11.26 1.837 33 23.0 
T03 0.71 1.00 Tue 11/29/16 11:21 AM 11:45 AM 114.7 845 11.52 2.530 24 23.2 
T04 1.00 2.0 Wed 11/30/16 11:21 AM 11:38 AM 114.1 850 11.49 2.496 2 23.3 
T05 1.00 3.0 Thurs 12/1/16 11:21 AM 12:45 PM 113.9 850 11.40 2.296 14 23.0 
T06 1.00 4.0 Fri 12/2/16 11:21 AM 12:19 PM 113.4 845 11.34 2.130 13 22.9 
T07 1.00 5.0 Sat 12/3/16 11:21 AM 11:43 AM 113 845 11.28 2.047 21 22.7 
T08 2.00 7.0 Mon 12/5/16 11:21 AM 12:36 PM 112.7 850 11.46 2.416 27 22.6 
T09 3.00 10.0 Thurs 12/8/16 11:21 AM 12:33 PM 112.1 845 11.61 2.576 27 22.0 
T10 4.00 14.0 Mon 12/12/16 11:21 AM 12:41 PM 111.6 850 11.56 2.649 26 22.4 
T11 7.00 21.0 Mon 12/19/16 11:21 AM 12:57 PM 111.0 845 11.63 2.914 47 22.5 
T12 7.00 28.0 Mon 12/26/16 11:21 AM 1:36 PM 110.3 850 11.47 2.778 50 24.9 
T13 7.00 35.0 Mon 1/2/17 11:21 AM 1:02 PM 109.9 840 11.44 2.620 6 23.2 
T14 7.00 42.0 Mon 1/9/17 11:21 AM 12:00 PM 109.7 845 11.50 2.385 49 17.8 
T15 7.00 49.0 Mon 1/16/17 11:21 AM 12:45 PM 108.9 850 11.23 2.358 6 24.4 
T16 14.00 63.0 Mon 1/30/17 11:21 AM 12:56 PM 108.4 850 11.33 2.695 43 23.9 








Appendix H. Optimized Specimen Sulfate and Calcium Release 
Composition: 75.04-2-22.96 
Salinity: Saltwater (30 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 63 77 
1 1.99 5.15 11.95 18.68 25.66 30.55 34.21 40.75 46.93 54.51 63.43 70.88 78.72 84.95 92.38 101.96 110.05 
2 1.94 5.10 12.78 18.80 25.96 31.17 34.73 41.81 48.92 57.19 65.81 73.41 81.77 89.94 98.12 107.98 116.56 
3 2.02 5.53 11.88 18.62 26.60 31.34 36.09 43.30 51.27 58.09 66.87 74.64 82.60 89.07 96.97 106.95 116.24 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 63 77 
1 -2.66 -5.70 -1.90 -1.14 -0.38 6.08 9.12 7.60 12.15 15.19 13.67 19.37 26.97 33.04 39.88 39.12 43.68 
2 -1.52 -4.18 1.90 4.18 5.70 3.80 6.84 5.32 8.36 10.63 9.87 11.39 18.99 30.38 31.14 33.04 35.32 
3 -0.76 -0.76 2.28 3.80 4.56 4.94 6.46 6.46 9.49 12.53 14.05 15.57 22.41 25.45 26.21 26.59 27.35 
 
Salinity: Brackish water (15 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 2.22 5.35 11.34 16.51 20.42 25.28 29.54 35.06 40.51 46.00 52.34 58.97 66.57 72.75 2.22  87.53 93.55 
2 2.50 5.44 12.50 19.38 24.47 29.17 33.33 42.20 49.71 57.51 66.22 74.57 82.01 89.94 2.50  105.27 112.71 
3 2.18 5.34 12.79 19.72 25.68 29.81 35.03 42.09 48.92 57.02 68.25 76.55 85.06 93.30 2.18  109.00 116.30 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 0.57 0.57 3.99 6.27 8.17 7.79 12.04 13.94 18.12 21.91 22.29 26.47 29.51 34.64 37.87  41.09 43.37 
2 0.19 0.19 3.61 7.60 8.93 10.06 14.43 17.09 21.46 25.26 28.67 31.90 35.13 38.36 40.83  44.25 46.53 








Salinity: Freshwater (0.5 g L-1 as total dissolved solids) 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.38 3.51 7.97 12.37 16.04 18.78 21.41 24.92 29.58 34.32 39.88 45.56 51.24 56.15 1.38  66.93 73.46 
2 1.20 3.35 7.91 12.51 16.44 19.80 22.72 27.27 32.94 38.66 45.95 52.79 59.22 64.93 1.20  77.28 83.73 
3 1.33 3.41 7.82 12.32 16.20 19.41 22.15 26.74 32.41 38.14 45.75 52.74 59.25 64.79 1.33  76.42 82.77 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 0.29 1 2 3 4 5 7 10 14 21 28 35 42 49 56 63 77 
1 1.25 2.49 4.81 7.15 9.24 10.78 12.42 14.42 16.80 19.42 22.30 25.11 27.91 30.35 32.55  35.73 39.08 
2 1.00 2.30 5.06 7.66 10.07 11.92 13.68 16.07 19.02 22.02 25.69 28.91 32.09 34.85 37.36  41.18 44.71 







Appendix I. Field Study Dynamic Leaching Exchange Intervals 
Composition: 60% fluorogypsum, 2% Portland type I/II cement, 38% class C fly ash – (Non-pressurized) 
Time of exposure: 38 days 
Replicate 1    Mass of Sample + Holder Final Mass 87.7 g 












































T01 0.08 0.08 Mon 10/5/15 2:30 PM 2:36 PM 118.3 840 7.50 51.91 115 20.6 
T02 0.92 1.00 Tue 10/6/15 12:30 PM 12:56 PM 119.1 850 7.67 52.56 148 21.2 
T03 1.00 2.0 Wed 10/7/15 12:30 PM 11:31 PM 119.5 850 6.89 43.22 189 21.5 
T04 5.00 7.0 Mon 10/12/15 12:30 PM 11:40 AM 119.9 848 7.44 44.13 123 21.1 
T05 7.00 14.0 Mon 10/19/15 12:30 PM 11:34 AM 120.3 845 7.19 43.82 131 21.1 
T06 14.00 28.0 Mon 11/2/15 12:30 PM 11:43 AM 120.6 845 8.15 44.20 -40 21.1 
T07 14.00 42.0 Mon 11/16/15 12:30 PM 10:30 AM 120.8 848 8.14 44.35 46 20.0 
T08 7.00 49.0 Mon 11/23/15 12:30 PM 10:32 AM 120.6 848 7.81 44.49 200 21.7 
T09 14.00 63.0 Mon 12/7/15 12:30 PM 11:00 AM 120.6 852 8.07 44.42 91 21.4 








Replicate 2    Mass of Sample + Holder Final Mass 90.7 g 












































T01 0.08 0.08 Mon 10/5/15 2:30 PM 2:37 PM 120.4 830 7.85 52.22 142 20.3 
T02 0.92 1.00 Tue 10/6/15 12:30 PM 12:57 PM 120.9 845 7.89 52.74 168 21.3 
T03 1.00 2.0 Wed 10/7/15 12:30 PM 11:32 AM 121.5 850 7.60 42.40 193 21.7 
T04 5.00 7.0 Mon 10/12/15 12:30 PM 11:41 AM 122.0 850 7.95 44.16 141 21.1 
T05 7.00 14.0 Mon 10/19/15 12:30 PM 11:36 AM 122.5 800 7.81 43.88 132 21.2 
T06 14.00 28.0 Mon 11/2/15 12:30 PM 11:45 AM 122.5 840 8.18 44.60 -47 21.1 
T07 14.00 42.0 Mon 11/16/15 12:30 PM 10:31 AM 122.6 845 8.13 44.06 39 20.1 
T08 7.00 49.0 Mon 11/23/15 12:30 PM 10:34 AM 122.5 845 8.07 44.89 190 21.6 
T09 14.00 63.0 Mon 12/7/15 12:30 PM 11:02 AM 122.8 850 8.05 44.74 105 21.3 
T10 14.00 77.0 Mon 12/21/15 12:30 PM 11:36 AM 122.7  8.08 45.52 161 21.0 
 
Replicate 3    Mass of Sample + Holder Final Mass 90.5 g 












































T01 0.08 0.08 Mon 10/5/15 2:30 PM 2:39 AM 119.8 842 7.87 52.09 159 20.5 
T02 0.92 1.00 Tue 10/6/15 12:30 PM 12:58 PM 120.3 850 7.90 52.50 175 21.3 
T03 1.00 2.0 Wed 10/7/15 12:30 PM 11:33 AM 120.8 850 7.78 42.46 194 21.8 
T04 5.00 7.0 Mon 10/12/15 12:30 PM 11:43 AM 121.4 850 8.01 42.02 150 21.1 
T05 7.00 14.0 Mon 10/19/15 12:30 PM 11:36 AM 121.9 848 8.03 43.91 142 21.2 
T06 14.00 28.0 Mon 11/2/15 12:30 PM 11:46 AM 122.1 848 8.18 44.42 -49 21.1 
T07 14.00 42.0 Mon 11/16/15 12:30 PM 10:33 AM 122.2 845 8.19 44.10 33 20.1 
T08 7.00 49.0 Mon 11/23/15 12:30 PM 10:36 AM 121.9 850 8.09 44.68 186 21.6 
T09 14.00 63.0 Mon 12/7/15 12:30 PM 11:04 AM 121.9 850 8.03 44.74 114 21.4 





Time of exposure: 66 days 
Replicate 1    Mass of Sample + Holder Final Mass 85.4 g 












































T01 0.08 0.08 Mon 11/3/15 1:30 AM 1:33 PM 116.4 830 7.94 44.37 -35 20.5 
T02 0.92 1.00 Tue 11/3/15 11:30 PM 10:49 AM 117.2 840 7.73 44.54 -27 21.0 
T03 1.00 2.0 Wed 11/4/15 11:30 PM 10:41 AM 117.4 848 7.72 44.31 -42 21.2 
T04 5.00 7.0 Mon 11/9/15 11:30 PM 11:00 AM 118.4 840 7.76 44.71 144 20.5 
T05 7.00 14.0 Mon 11/16/15 11:30 PM 10:05 AM 119.1 840 7.92 44.62 55 20.2 
T06 14.00 28.0 Mon 11/30/15 11:30 PM 9:59 AM 119.5 848 7.86 44.96 127 21.1 
T07 14.00 42.0 Mon 12/14/15 11:30 PM 10:49 AM 119.5 850 7.94 44.52 120 22.5 
T08 7.00 49.0 Mon 12/21/15 11:30 PM 11:27 AM 119.8  7.66 45.00 157 21.1 
T09 14.00 63.0 Mon 1/4/16 11:30 PM 11:54 AM 120.0 840 7.47 46.37 183 16.4 
T10 14.00 77.0 Mon 1/18/16 11:30 PM 11:31 AM 119.5 850 7.68 47.36 184 21.5 
 
Replicate 2    Mass of Sample + Holder Final Mass 84.2 g 












































T01 0.08 0.08 Mon 11/3/15 1:30 AM 1:35 PM 115.3 820 7.96 44.08 -42 20.4 
T02 0.92 1.00 Tue 11/3/15 11:30 PM 10:51 AM 116.3 840 7.78 44.58 -40 21.0 
T03 1.00 2.0 Wed 11/4/15 11:30 PM 10:42 AM 116.8 856 7.75 44.21 -47 21.0 
T04 5.00 7.0 Mon 11/9/15 11:30 PM 11:03 AM 117.5 848 7.80 44.64 130 20.4 
T05 7.00 14.0 Mon 11/16/15 11:30 PM 10:05 AM 117.8 848 7.97 44.47 41 20.0 
T06 14.00 28.0 Mon 11/30/15 11:30 PM 10:01 AM 118.5 847 7.98 44.75 122 20.3 
T07 14.00 42.0 Mon 12/14/15 11:30 PM 10:50 AM 118.0 850 8.05 44.68 144 22.8 
T08 7.00 49.0 Mon 12/21/15 11:30 PM 11:29 AM 118.2  7.91 45.04 155 21.0 
T09 14.00 63.0 Mon 1/4/16 11:30 PM 11:56 AM 118.6 850 7.92 46.40 188 16.4 






Replicate 3    Mass of Sample + Holder Final Mass 89.5 g 












































T01 0.08 0.08 Mon 11/3/15 1:30 AM 1:36 PM 119.2 825 7.96 44.21 -45 20.5 
T02 0.92 1.00 Tue 11/3/15 11:30 PM 10:52 AM 120.3 845 7.77 44.46 -45 21.0 
T03 1.00 2.0 Wed 11/4/15 11:30 PM 10:42 AM 121.0 852 7.76 44.13 -47 21.0 
T04 5.00 7.0 Mon 11/9/15 11:30 PM 11:05 AM 121.3 850 7.28 44.51 115 20.5 
T05 7.00 14.0 Mon 11/16/15 11:30 PM 10:06 AM 122.1 850 7.94 44.45 37 20.0 
T06 14.00 28.0 Mon 11/30/15 11:30 PM 10:01 AM 122.9 853 7.93 44.60 121 20.9 
T07 14.00 42.0 Mon 12/14/15 11:30 PM 10:52 AM 122.4 850 7.95 44.78 160 22.8 
T08 7.00 49.0 Mon 12/21/15 11:30 PM 11:30 AM 122.5  7.93 45.02 157 21.0 
T09 14.00 63.0 Mon 1/4/16 11:30 PM 11:57 AM 122.7 850 7.96 46.29 182 16.4 
T10 14.00 77.0 Mon 1/18/16 11:30 PM 11:34 AM 122.2 850 8.00 47.08 187 21.5 
 
Time of exposure: 121 days 
Replicate 1    Mass of Sample + Holder Final Mass 88.2 g 












































T01 0.08 0.08 Mon 12/29/15 1:30 PM 11:35 AM 118.0 830 7.44 46.60 114 26.4 
T02 0.92 1.00 Tue 12/30/15 11:30 AM 12:19 PM 119.2 840 7.25 46.70 161 21.3 
T03 1.00 2.0 Wed 12/31/15 11:30 AM 12:38 PM 119.7 850 7.59 47.07 118 20.4 
T04 5.00 7.0 Mon 1/5/16 11:30 AM 1:02 PM 120.7 845 7.40 47.36 186 16.7 
T05 7.00 14.0 Mon 1/12/16 11:30 AM 11:46 AM 121.1 840 7.63 46.13 188 21.1 
T06 14.00 28.0 Mon 1/26/16 11:30 AM 11:30 AM 121.8 847 7.84 49.98 120 22.0 
T07 14.00 42.0 Mon 2/9/16 11:30 AM 11:30 AM 121.9 850 7.72 50.06 205 23.0 
T08 7.00 49.0 Mon 2/16/16 11:30 AM 12:00 PM 122.3 845     
T09 14.00 63.0 Mon 3/1/16 11:30 AM 11:30 AM 123.1 850 7.30 50.56 113 23.2 






Replicate 2    Mass of Sample + Holder Final Mass 83.5 g 












































T01 0.08 0.08 Mon 12/29/15 1:30 PM 1:36 PM 114.0 835 7.69 46.57 140 26.2 
T02 0.92 1.00 Tue 12/30/15 11:30 AM 12:20 PM 115.1 845 7.77 46.62 160 21.4 
T03 1.00 2.0 Wed 12/31/15 11:30 AM 12:38 PM 115.6 845 7.83 46.89 161 20.4 
T04 5.00 7.0 Mon 1/5/16 11:30 AM 1:03 PM 116.5 850 7.81 47.16 129 16.7 
T05 7.00 14.0 Mon 1/12/16 11:30 AM 11:47 AM 117.0 850 7.82 46.82 186 21.0 
T06 14.00 28.0 Mon 1/26/16 11:30 AM 11:37 AM 117.5 850 8.02 44.44 155 21.9 
T07 14.00 42.0 Mon 2/9/16 11:30 AM 11:32 AM 117.8 840 7.87 50.29 201 23.1 
T08 7.00 49.0 Mon 2/16/16 11:30 AM 12:00 PM 118.3 858 7.72 49.59 182 23.2 
T09 14.00 63.0 Mon 3/1/16 11:30 AM 11:30 AM 119.1 852 7.67 50.94 106 23.2 
T10 14.00 77.0 Mon 3/15/16 11:30 AM 11:30 AM 118.8 846 7.66 51.03 161 23.0 
 
Replicate 3    Mass of Sample + Holder Final Mass 82.9 g 












































T01 0.08 0.08 Mon 12/29/15 1:30 PM 1:37 PM 113.2 830 7.76 46.56 133 23.3 
T02 0.92 1.00 Tue 12/30/15 11:30 AM 12:22 PM 114.2 845 7.76 46.66 168 21.4 
T03 1.00 2.0 Wed 12/31/15 11:30 AM 12:38 PM 114.8 850 7.88 47.08 179 20.6 
T04 5.00 7.0 Mon 1/5/16 11:30 AM 1:04 PM 115.7 840 7.83 47.10 154 16.7 
T05 7.00 14.0 Mon 1/12/16 11:30 AM 11:48 AM 116.2 845 7.82 47.20 19 21.1 
T06 14.00 28.0 Mon 1/26/16 11:30 AM 11:41 AM 116.9 845 8.02 49.23 154 21.8 
T07 14.00 42.0 Mon 2/9/16 11:30 AM 11:34 AM 117.2 850 7.93 50.32 56 23.0 
T08 7.00 49.0 Mon 2/16/16 11:30 AM 12:02 PM 117.6 850 7.92 50.84 189 22.3 
T09 14.00 63.0 Mon 3/1/16 11:30 AM 11:30 AM 118.0 850 7.78 50.85 102 23.2 






Time of exposure: 192 days 
Replicate 1    Mass of Sample + Holder Final Mass 79.3 g 












































T01 0.08 0.08 Mon 3/7/16 1:00 PM 1:12 PM 109.7 830 7.59 50.40 77 22.2 
T02 0.92 1.00 Tue 3/8/16 11:00 AM 11:05 AM 110.5 840 7.53 50.60 77 23.2 
T03 1.00 2.0 Wed 3/9/16 11:00 AM 11:02 AM 110.7 848 7.88 50.54 84 23.0 
T04 5.00 7.0 Mon 3/14/16 11:00 AM 10:45 AM 111.9 852 7.52 50.88 131 22.8 
T05 7.00 14.0 Mon 3/21/16 11:00 AM 11:58 AM 112.4 850 8.11 50.98 72 22.2 
T06 14.00 28.0 Mon 4/4/16 11:00 AM 10:58 AM 113.6 855 8.01 50.75 49 21.9 
T07 14.00 42.0 Mon 4/18/16 11:00 AM 10:58 AM 114.4 835 8.07 51.31 45 19.8 
T08 7.00 49.0 Mon 4/25/16 11:00 AM 12:56 PM 114.4 845 7.97 51.62 100 20.5 
T09 14.00 63.0 Mon 5/9/16 11:00 AM 10:49 AM 114.5 840 7.86 52.01 125 20.5 
T10 14.00 77.0 Mon 5/23/16 11:00 AM 11:03 AM 114.8 845 7.92 52.18 219 21.2 
 
Replicate 2    Mass of Sample + Holder Final Mass 81.1 g 












































T01 0.08 0.08 Mon 3/7/16 1:00 PM 1:13 PM 111.6 825 7.72 50.19 69 22.0 
T02 0.92 1.00 Tue 3/8/16 11:00 AM 11:07 AM 112.1 830 7.58 50.82 78 23.1 
T03 1.00 2.0 Wed 3/9/16 11:00 AM 11:02 AM 112.4 850 7.98 50.00 83 23.2 
T04 5.00 7.0 Mon 3/14/16 11:00 AM 10:47 AM 113.9 854 7.80 51.13 119 23.0 
T05 7.00 14.0 Mon 3/21/16 11:00 AM 12:00 PM 114.6 840 8.14 50.97 59 22.1 
T06 14.00 28.0 Mon 4/4/16 11:00 AM 11:02 AM 115.0 851 8.18 50.98 46 22.0 
T07 14.00 42.0 Mon 4/18/16 11:00 AM 10:59 AM 115.9 845 8.15 51.09 40 19.8 
T08 7.00 49.0 Mon 4/25/16 11:00 AM 12:57 PM 116.0 840 8.04 51.89 93 20.2 
T09 14.00 63.0 Mon 5/9/16 11:00 AM 10:50 AM 116.2 850 8.01 51.70 117 20.5 






Replicate 3    Mass of Sample + Holder Final Mass 82.2 g 












































T01 0.08 0.08 Mon 3/7/16 1:00 PM 1:14 PM 112.2 835 7.78 50.17 69 22.1 
T02 0.92 1.00 Tue 3/8/16 11:00 AM 11:09 AM 112.9 830 7.67 50.75 77 23.0 
T03 1.00 2.0 Wed 3/9/16 11:00 AM 11:03 AM 113.3 855 8.02 50.40 80 23.3 
T04 5.00 7.0 Mon 3/14/16 11:00 AM 10:47 AM 114.5 850 7.79 51.03 122 23.1 
T05 7.00 14.0 Mon 3/21/16 11:00 AM 12:02 PM 115.2 850 8.09 51.63 56 22.3 
T06 14.00 28.0 Mon 4/4/16 11:00 AM 11:06 AM 115.9 860 8.03 51.09 50 22.1 
T07 14.00 42.0 Mon 4/18/16 11:00 AM 11:00 AM 116.7 840 8.00 51.11 45 20.0 
T08 7.00 49.0 Mon 4/25/16 11:00 AM 12:58 PM 116.8 850 8.05 51.57 88 20.3 
T09 14.00 63.0 Mon 5/9/16 11:00 AM 10:52 AM 117.0 845 7.90 51.89 117 20.5 
T10 14.00 77.0 Mon 5/23/16 11:00 AM 11:05 AM 117.0 845 7.95 51.81 215 21.3 
 
Time of exposure: 372 days 
Replicate 1    Mass of Sample + Holder Final Mass 77.2 g 












































T01 0.08 0.08 Mon 9/5/16 12:30 PM 12:36 PM 104.6 845 6.14 48.60 59 24.6 
T02 0.92 1.00 Tue 9/6/16 10:30 AM 10:35 AM 105.7 845 6.05 49.05 41 23.7 
T03 1.00 2.0 Wed 9/7/16 10:30 AM 10:47 AM 106.3 845 6.00 49.45 98 24.3 
T04 5.00 7.0 Mon 9/12/16 10:30 AM 10:45 AM 107.8 845 5.81 49.40 55 24.0 
T05 7.00 14.0 Mon 9/19/16 10:30 AM 11:26 AM 108.2 850 6.00 50.37 55 24.7 
T06 14.00 28.0 Mon 10/3/16 10:30 AM 11:21 AM 110.1 840 5.78 50.67 33 24.5 
T07 14.00 42.0 Mon 10/17/16 10:30 AM 12:30 PM 110.5 845 6.25 50.97 71 24.8 
T08 7.00 49.0 Mon 10/24/16 10:30 AM 11:30 AM 110.8 850 5.90 50.74 33 23.5 
T09 14.00 63.0 Mon 11/7/16 10:30 AM 10:49 AM 110.9 840 5.85 50.95 53 23.3 






Replicate 2    Mass of Sample + Holder Final Mass 84.9 g 












































T01 0.08 0.08 Mon 9/5/16 12:30 PM 12:42 PM 110.6 835     
T02 0.92 1.00 Tue 9/6/16 10:30 AM 10:37 AM 111.1 850 6.42 49.18 49 23.8 
T03 1.00 2.0 Wed 9/7/16 10:30 AM 10:49 AM 113.6 850 6.43 49.32 93 24.4 
T04 5.00 7.0 Mon 9/12/16 10:30 AM 10:46 AM 112.6 860 6.18 49.07 66 23.9 
T05 7.00 14.0 Mon 9/19/16 10:30 AM 11:27 AM 113.4 845 6.05 50.33 55 24.7 
T06 14.00 28.0 Mon 10/3/16 10:30 AM 11:22 AM 114.4 850 6.33 50.27 46 24.4 
T07 14.00 42.0 Mon 10/17/16 10:30 AM 12:31 PM 114.8 850 6.66 50.20 65 25.0 
T08 7.00 49.0 Mon 10/24/16 10:30 AM 11:31 AM 115.2 820 6.48 50.76 35 23.5 
T09 14.00 63.0 Mon 11/7/16 10:30 AM 10:50 AM 115.3 850 6.41 50.80 62 23.3 
T10 14.00 77.0 Mon 11/21/16 10:30 AM 12:24 PM 115.8 850 7.70 50.25 36 20.7 
 
Replicate 3    Mass of Sample + Holder Final Mass 82.0 g 












































T01 0.08 0.08 Mon 9/5/16 12:30 PM 12:43 PM 106.6 840 7.34 48.56 64 24.8 
T02 0.92 1.00 Tue 9/6/16 10:30 AM 10:38 AM 108.7 835 6.71 49.25 55 23.8 
T03 1.00 2.0 Wed 9/7/16 10:30 AM 10:50 AM 109.1 855 6.97 49.34 92 24.4 
T04 5.00 7.0 Mon 9/12/16 10:30 AM 10:48 AM 110.2 850 6.50 49.00 70 23.9 
T05 7.00 14.0 Mon 9/19/16 10:30 AM 11:29 AM 111.2 845 7.00 50.08 60 24.7 
T06 14.00 28.0 Mon 10/3/16 10:30 AM 11:24 AM 112.4 850 6.69 50.54 56 24.4 
T07 14.00 42.0 Mon 10/17/16 10:30 AM 12:32 PM 112.9 850 7.02 51.08 64 24.9 
T08 7.00 49.0 Mon 10/24/16 10:30 AM 11:32 AM 113.1 850 6.84 50.65 38 23.5 
T09 14.00 63.0 Mon 11/7/16 10:30 AM 10:51 AM 113.5 850 3.98 50.80 65 23.2 







Composition: 62% fluorogypsum, 3% Portland type I/II cement, 35% class C fly ash – (Pressurized) 
Time of exposure: 38 days 
Replicate 1    Mass of Sample + Holder Final Mass 3.1 g 












































T01 0.08 0.08 Mon 10/5/15 2:30 PM 2:40 PM 10.7 120 7.85 51.08 167 20.8 
T02 0.92 1.00 Tue 10/6/15 12:30 PM 12:59 PM 10.8 120 7.94 51.36 179 21.4 
T03 1.00 2.0 Wed 10/7/15 12:30 PM 11:33 AM 11.0 118 7.66 43.04 203 21.8 
T04 5.00 7.0 Mon 10/12/15 12:30 PM 11:44 AM 11.1 120 8.09 43.19 160 21.1 
T05 7.00 14.0 Mon 10/19/15 12:30 PM 11:38 AM 11.2 118 7.96 43.61 157 21.3 
T06 14.00 28.0 Mon 11/2/15 12:30 PM 11:47 AM 11.2 118 8.24 44.53 -50 21.4 
T07 14.00 42.0 Mon 11/16/15 12:30 PM 10:34 AM 11.1 124 8.15 43.82 32 20.1 
T08 7.00 49.0 Mon 11/23/15 12:30 PM 10:37 AM 11.1 119 8.11 45.07 183 21.8 
T09 14.00 63.0 Mon 12/7/15 12:30 PM 11:05 AM 11.0 124 8.04 43.73 127 21.4 
T10 14.00 77.0 Mon 12/21/15 12:30 PM 11:38 AM 11.0  7.98 45.54 164 21.2 
 
Replicate 2    Mass of Sample + Holder Final Mass 4.1 g 












































T01 0.08 0.08 Mon 10/5/15 2:30 PM 2:41 PM 11.5 118 7.83 51.24 181 20.7 
T02 0.92 1.00 Tue 10/6/15 12:30 PM 1:00 PM 11.6 120 7.95 51.58 184 21.4 
T03 1.00 2.0 Wed 10/7/15 12:30 PM 11:34 AM 11.8 117 7.78 42.26 207 21.8 
T04 5.00 7.0 Mon 10/12/15 12:30 PM 11:45 AM 11.8 120 8.11 43.06 165 21.0 
T05 7.00 14.0 Mon 10/19/15 12:30 PM 11:38 AM 11.9 118 8.03 43.81 160 21.3 
T06 14.00 28.0 Mon 11/2/15 12:30 PM 11:48 AM 12.0 118 8.24 44.16 -51 21.5 
T07 14.00 42.0 Mon 11/16/15 12:30 PM 10:35 AM 12.0 120 8.16 44.04 29 20.2 
T08 7.00 49.0 Mon 11/23/15 12:30 PM 10:38 AM 11.9 122 8.08 44.30 181 21.8 
T09 14.00 63.0 Mon 12/7/15 12:30 PM 11:06 AM 11.8 124 8.10 43.95 103 21.4 





Replicate 3    Mass of Sample + Holder Final Mass 4.3 g 












































T01 0.08 0.08 Mon 10/5/15 2:30 PM 2:42 PM 11.8 120 7.84 51.16 185 20.8 
T02 0.92 1.00 Tue 10/6/15 12:30 PM 1:01 PM 11.9 120 7.96 51.60 188 21.4 
T03 1.00 2.0 Wed 10/7/15 12:30 PM 11:35 AM 12.0 124 7.72 41.68 208 21.8 
T04 5.00 7.0 Mon 10/12/15 12:30 PM 11:46 AM 12.1 120 8.14 43.07 167 21.1 
T05 7.00 14.0 Mon 10/19/15 12:30 PM 11:38 AM 12.0 122 8.09 43.03 166 21.1 
T06 14.00 28.0 Mon 11/2/15 12:30 PM 11:48 AM 12.2 122 8.25 43.95 -50 21.4 
T07 14.00 42.0 Mon 11/16/15 12:30 PM 10:36 AM 12.0 124 8.17 43.87 27 20.1 
T08 7.00 49.0 Mon 11/23/15 12:30 PM 10:39 AM 12.0 121 8.05 44.56 180 21.8 
T09 14.00 63.0 Mon 12/7/15 12:30 PM 11:07 AM 12.0 123 8.09 44.17 117 21.4 
T10 14.00 77.0 Mon 12/21/15 12:30 PM 11:40 AM 12.0  7.98 45.40 165 21.1 
 
Replicate 4    Mass of Sample + Holder Final Mass 3.6 g 












































T01 0.08 0.08 Mon 10/5/15 2:30 PM 2:43 PM 11.1 120 7.86 51.22 188 20.7 
T02 0.92 1.00 Tue 10/6/15 12:30 PM 1:02 PM 11.2 120 7.94 51.40 192 21.3 
T03 1.00 2.0 Wed 10/7/15 12:30 PM 11:35 AM 11.2 123 7.82 42.74 208 22.0 
T04 5.00 7.0 Mon 10/12/15 12:30 PM 11:48 AM 11.4 120 8.09 43.07 172 21.1 
T05 7.00 14.0 Mon 10/19/15 12:30 PM 11:39 AM 11.5 118 7.99 43.21 168 21.2 
T06 14.00 28.0 Mon 11/2/15 12:30 PM 11:49 AM 11.5 121 8.24 44.01 -50 21.2 
T07 14.00 42.0 Mon 11/16/15 12:30 PM 10:37 AM 11.4 118 8.14 43.66 27 20.2 
T08 7.00 49.0 Mon 11/23/15 12:30 PM 10:39 AM 11.4 121 8.05 44.51 179 21.8 
T09 14.00 63.0 Mon 12/7/15 12:30 PM 11:08 AM 11.3 124 8.06 44.04 260 21.4 







Replicate 5    Mass of Sample + Holder Final Mass 3.6 g 












































T01 0.08 0.08 Mon 10/5/15 2:30 PM 2:44 PM 11.1 120 7.86 51.30 191 20.8 
T02 0.92 1.00 Tue 10/6/15 12:30 PM 1:03 PM 11.2 120 7.96 51.39 193 21.4 
T03 1.00 2.0 Wed 10/7/15 12:30 PM 11:36 AM 11.3 124 7.76 42.23 216 21.8 
T04 5.00 7.0 Mon 10/12/15 12:30 PM 11:49 AM 11.4 120 8.11 43.15 176 21.1 
T05 7.00 14.0 Mon 10/19/15 12:30 PM 11:39 AM 11.4 117 8.02 43.23 117 21.2 
T06 14.00 28.0 Mon 11/2/15 12:30 PM 11:50 AM 11.5 121 8.20 43.87 -49 21.5 
T07 14.00 42.0 Mon 11/16/15 12:30 PM 10:38 AM 11.4 118 8.12 43.55 25 20.2 
T08 7.00 49.0 Mon 11/23/15 12:30 PM 10:40 AM 11.3 120 7.97 44.90 178 21.8 
T09 14.00 63.0 Mon 12/7/15 12:30 PM 11:09 AM 11.3 122 7.99 44.67 279 21.5 
T10 14.00 77.0 Mon 12/21/15 12:30 PM 11:42 AM 11.3  7.95 45.87 165 21.3 
 
Time of exposure: 66 days 
Replicate 1    Mass of Sample + Holder Final Mass 3.4 g 












































T01 0.08 0.08 Mon 11/3/15 1:30 AM 1:37 PM 10.8 116 7.99 44.56 -44 20.9 
T02 0.92 1.00 Tue 11/3/15 11:30 PM 10:55 AM 11.0 114 7.92 44.03 -40 21.0 
T03 1.00 2.0 Wed 11/4/15 11:30 PM 10:43 AM 11.0 130 7.86 44.15 -40 21.2 
T04 5.00 7.0 Mon 11/9/15 11:30 PM 11:05 AM 11.2 118 7.99 44.47 109 20.7 
T05 7.00 14.0 Mon 11/16/15 11:30 PM 10:07 AM 11.2 121 8.07 44.70 30 20.2 
T06 14.00 28.0 Mon 11/30/15 11:30 PM 10:02 AM 11.3 116 7.96 44.97 118 21.1 
T07 14.00 42.0 Mon 12/14/15 11:30 PM 10:53 AM 11.2 122 7.97 44.48 110 23.2 
T08 7.00 49.0 Mon 12/21/15 11:30 PM 11:31 AM 11.2  7.91 45.42 158 21.2 
T09 14.00 63.0 Mon 1/4/16 11:30 PM 11:58 AM 11.2 118 7.98 46.60 186 16.4 






Replicate 2    Mass of Sample + Holder Final Mass 4.0 g 












































T01 0.08 0.08 Mon 11/3/15 1:30 AM 1:38 PM 11.6 114 7.97 43.50 -44 20.8 
T02 0.92 1.00 Tue 11/3/15 11:30 PM 10:55 AM 11.6 104 7.89 44.62 -43 21.1 
T03 1.00 2.0 Wed 11/4/15 11:30 PM 10:44 AM 11.7 118 7.91 44.17 -47 21.3 
T04 5.00 7.0 Mon 11/9/15 11:30 PM 11:06 AM 11.8 122 7.97 43.71 106 20.3 
T05 7.00 14.0 Mon 11/16/15 11:30 PM 10:06 AM 11.8 118 8.04 44.65 27 20.2 
T06 14.00 28.0 Mon 11/30/15 11:30 PM 10:03 AM 12.0 120 8.00 44.08 116 20.8 
T07 14.00 42.0 Mon 12/14/15 11:30 PM 10:54 AM 11.9 120 8.03 44.35 150 23.3 
T08 7.00 49.0 Mon 12/21/15 11:30 PM 11:31 AM 11.9 120 7.90 45.46 159 21.1 
T09 14.00 63.0 Mon 1/4/16 11:30 PM 12:00 PM 11.9 120 8.03 46.56 189 16.6 
T10 14.00 77.0 Mon 1/18/16 11:30 PM 11:36 AM 11.8 120 7.97 47.28 192 21.9 
 
Replicate 3    Mass of Sample + Holder Final Mass 4.2 g 












































T01 0.08 0.08 Mon 11/3/15 1:30 AM 1:39 PM 11.6 115 7.98 44.35 -44 20.8 
T02 0.92 1.00 Tue 11/3/15 11:30 PM 10:57 AM 11.7 115 7.89 44.25 -46 20.8 
T03 1.00 2.0 Wed 11/4/15 11:30 PM 10:45 AM 11.8 121 7.91 44.15 -47 21.3 
T04 5.00 7.0 Mon 11/9/15 11:30 PM 11:07 AM 11.9 122 7.98 44.00 103 20.6 
T05 7.00 14.0 Mon 11/16/15 11:30 PM 10:08 AM 12.0 122 8.04 43.46 23 20.0 
T06 14.00 28.0 Mon 11/30/15 11:30 PM 10:04 AM 12.0 126 8.03 44.28 116 20.8 
T07 14.00 42.0 Mon 12/14/15 11:30 PM 10:55 AM 12.0 123 8.01 44.13 165 23.1 
T08 7.00 49.0 Mon 12/21/15 11:30 PM 11:32 AM 11.9  7.87 45.47 160 21.1 
T09 14.00 63.0 Mon 1/4/16 11:30 PM 12:01 PM 12.0 118 7.99 46.59 192 16.6 







Replicate 4    Mass of Sample + Holder Final Mass 4.5 g 












































T01 0.08 0.08 Mon 11/3/15 1:30 AM 1:40 PM 11.8 116 7.94 44.22 -43 20.8 
T02 0.92 1.00 Tue 11/3/15 11:30 PM 10:58 AM 11.9 109 7.86 44.70 -50 21.0 
T03 1.00 2.0 Wed 11/4/15 11:30 PM 10:45 AM 12.0 128 7.89 44.14 -48 21.1 
T04 5.00 7.0 Mon 11/9/15 11:30 PM 11:08 AM 12.1 118 7.99 44.13 100 20.6 
T05 7.00 14.0 Mon 11/16/15 11:30 PM 10:09 AM 12.2 122 8.06 44.18 23 20.0 
T06 14.00 28.0 Mon 11/30/15 11:30 PM 10:05 AM 12.2 120 8.00 44.29 117 20.9 
T07 14.00 42.0 Mon 12/14/15 11:30 PM 10:56 AM 12.1 120 7.98 44.73 173 23.1 
T08 7.00 49.0 Mon 12/21/15 11:30 PM 11:32 AM 12.1  7.87 45.61 161 21.1 
T09 14.00 63.0 Mon 1/4/16 11:30 PM 12:02 PM 12.2 118 8.04 46.57 193 16.8 
T10 14.00 77.0 Mon 1/18/16 11:30 PM 11:38 AM 12.1 118 7.94 47.28 191 21.9 
 
Replicate 5    Mass of Sample + Holder Final Mass 4.0 g 












































T01 0.08 0.08 Mon 11/3/15 1:30 AM 1:41 PM 11.5 118 7.98 44.34 -44 20.7 
T02 0.92 1.00 Tue 11/3/15 11:30 PM 11:00 AM 11.5 115 7.94 44.65 -51 21.1 
T03 1.00 2.0 Wed 11/4/15 11:30 PM 10:46 AM 11.6 122 7.92 43.97 -49 21.2 
T04 5.00 7.0 Mon 11/9/15 11:30 PM 11:09 AM 11.7 122 7.98 44.19 95 20.5 
T05 7.00 14.0 Mon 11/16/15 11:30 PM 10:09 AM 11.7 120 8.08 44.18 22 20.0 
T06 14.00 28.0 Mon 11/30/15 11:30 PM 10:05 AM 11.8 122 8.04 44.43 117 20.9 
T07 14.00 42.0 Mon 12/14/15 11:30 PM 10:57 AM 11.7 122 8.03 44.30 178 23.2 
T08 7.00 49.0 Mon 12/21/15 11:30 PM 11:33 AM 11.7  7.88 45.53 161 21.2 
T09 14.00 63.0 Mon 1/4/16 11:30 PM 12:03 PM 11.8 122 7.99 46.62 193 16.7 






Time of exposure: 121 days 
Replicate 1    Mass of Sample + Holder Final Mass 2.6 g 












































T01 0.08 0.08 Mon 12/29/15 1:30 PM 1:38 PM 9.8 120 7.59 45.98 132 26.4 
T02 0.92 1.00 Tue 12/30/15 11:30 AM 12:23 PM 9.9 116 7.87 46.83 170 21.4 
T03 1.00 2.0 Wed 12/31/15 11:30 AM 12:40 PM 10.0 116 7.88 47.19 153 20.8 
T04 5.00 7.0 Mon 1/5/16 11:30 AM 1:05 PM 10.2 118 7.81 47.26 167 17.0 
T05 7.00 14.0 Mon 1/12/16 11:30 AM 11:49 AM 10.2 120 7.95 47.18 53 21.4 
T06 14.00 28.0 Mon 1/26/16 11:30 AM 11:51 AM 10.3 116 8.00 44.77 127 23.4 
T07 14.00 42.0 Mon 2/9/16 11:30 AM 11:36 AM 10.3 120 8.02 50.43 120 23.1 
T08 7.00 49.0 Mon 2/16/16 11:30 AM 12:04 PM 10.3 119 8.17 50.20 104 21.1 
T09 14.00 63.0 Mon 3/1/16 11:30 AM 11:31 AM 10.3 72 7.91 51.08 98 23.2 
T10 14.00 77.0 Mon 3/15/16 11:30 AM 11:35 AM 9.7 122 7.86 50.42 97 23.0 
 
Replicate 2    Mass of Sample + Holder Final Mass 2.2 g 












































T01 0.08 0.08 Mon 12/29/15 1:30 PM 1:39 PM 9.3 116 7.62 46.59 128 26.4 
T02 0.92 1.00 Tue 12/30/15 11:30 AM 12:23 PM 9.4 118 7.87 46.74 175 21.6 
T03 1.00 2.0 Wed 12/31/15 11:30 AM 12:41 PM 9.5 116 7.86 47.07 158 20.8 
T04 5.00 7.0 Mon 1/5/16 11:30 AM 1:06 PM 9.7 116 7.89 47.21 162 16.9 
T05 7.00 14.0 Mon 1/12/16 11:30 AM 11:50 AM 9.8 118 7.94 47.32 110 21.4 
T06 14.00 28.0 Mon 1/26/16 11:30 AM 12:10 PM 9.9 122 8.01 49.47 128 22.9 
T07 14.00 42.0 Mon 2/9/16 11:30 AM 11:37 AM 9.9 118 8.04 50.47 145 23.2 
T08 7.00 49.0 Mon 2/16/16 11:30 AM 12:06 PM 9.9 119 8.17 50.34 133 22.9 
T09 14.00 63.0 Mon 3/1/16 11:30 AM 11:31 AM 9.9 112 7.99 50.63 97 23.2 






Replicate 3    Mass of Sample + Holder Final Mass 3.3 g 












































T01 0.08 0.08 Mon 12/29/15 1:30 PM 1:40 PM 10.3 118 7.70 45.89 128 26.4 
T02 0.92 1.00 Tue 12/30/15 11:30 AM 12:24 PM 10.5 116 7.84 46.72 143 21.6 
T03 1.00 2.0 Wed 12/31/15 11:30 AM 12:42 PM 10.6 116 7.92 47.07 156 21.0 
T04 5.00 7.0 Mon 1/5/16 11:30 AM 1:07 PM 10.8 114 7.83 47.23 161 17.0 
T05 7.00 14.0 Mon 1/12/16 11:30 AM 11:51 AM 10.9 120 7.89 47.35 144 21.4 
T06 14.00 28.0 Mon 1/26/16 11:30 AM 12:21 PM 11.0 122 7.99 49.65 130 22.6 
T07 14.00 42.0 Mon 2/9/16 11:30 AM 11:38 AM 11.0 120 7.99 50.57 157 23.2 
T08 7.00 49.0 Mon 2/16/16 11:30 AM 12:07 PM 11.0 122 8.15 49.53 144 22.9 
T09 14.00 63.0 Mon 3/1/16 11:30 AM 11:32 AM 10.9 118 7.97 50.57 99 23.1 
T10 14.00 77.0 Mon 3/15/16 11:30 AM 11:36 AM 10.8 118 7.83 50.80 111 23.0 
 
Replicate 4    Mass of Sample + Holder Final Mass 3.2 g 












































T01 0.08 0.08 Mon 12/29/15 1:30 PM 1:41 PM 10.3 116 46.53 7.61 129 26.3 
T02 0.92 1.00 Tue 12/30/15 11:30 AM 12:25 PM 10.4 117 47.05 7.90 169 21.9 
T03 1.00 2.0 Wed 12/31/15 11:30 AM 12:43 PM 10.5 115 47.07 7.96 153 20.8 
T04 5.00 7.0 Mon 1/5/16 11:30 AM 1:09 PM 10.7 116 47.25 7.87 165 16.9 
T05 7.00 14.0 Mon 1/12/16 11:30 AM 11:52 AM 10.7 120 47.24 7.90 113 21.4 
T06 14.00 28.0 Mon 1/26/16 11:30 AM 12:26 PM 10.8 123 49.63 7.99 155 22.3 
T07 14.00 42.0 Mon 2/9/16 11:30 AM 11:38 AM 10.9 116 50.46 7.98 166 23.2 
T08 7.00 49.0 Mon 2/16/16 11:30 AM 12:08 PM 10.9 120 50.72 8.13 144 22.8 
T09 14.00 63.0 Mon 3/1/16 11:30 AM 11:32 AM 10.9 120 50.59 7.98 100 23.2 







Replicate 5    Mass of Sample + Holder Final Mass 2.4 g 












































T01 0.08 0.08 Mon 12/29/15 1:30 PM 1:41 PM 9.6 120 7.60 46.30 130 23.5 
T02 0.92 1.00 Tue 12/30/15 11:30 AM 12:25 PM 9.8 120 7.93 47.13 169 21.8 
T03 1.00 2.0 Wed 12/31/15 11:30 AM 12:44 PM 9.9 118 7.98 47.13 156 20.8 
T04 5.00 7.0 Mon 1/5/16 11:30 AM 1:08 PM 10.0 118 7.98 47.26 164 17.1 
T05 7.00 14.0 Mon 1/12/16 11:30 AM 11:53 AM 10.0 118 7.92 47.28 147 21.6 
T06 14.00 28.0 Mon 1/26/16 11:30 AM 12:32 PM 10.2 123 8.00 49.72 137 22.6 
T07 14.00 42.0 Mon 2/9/16 11:30 AM 11:39 AM 10.1 94 7.99 50.52 170 23.2 
T08 7.00 49.0 Mon 2/16/16 11:30 AM 12:10 PM 10.1 120 8.11 50.63 164  
T09 14.00 63.0 Mon 3/1/16 11:30 AM 11:34 AM 10.2 112 8.02 50.54 100 23.5 
T10 14.00 77.0 Mon 3/15/16 11:30 AM 11:36 AM 10.1 122 7.51 50.55 104 23.2 
 
Time of exposure: 372 days 
Replicate 1    Mass of Sample + Holder Final Mass 2.0 g 












































T01 0.08 0.08 Mon 9/5/16 12:30 PM 12:44 PM 8.6 112 6.59 49.06 57 24.5 
T02 0.92 1.00 Tue 9/6/16 10:30 AM 10:39 AM 8.7 124 6.87 48.15 610 23.7 
T03 1.00 2.0 Wed 9/7/16 10:30 AM 10:51 AM 8.8 120 6.70 48.82 93 24.4 
T04 5.00 7.0 Mon 9/12/16 10:30 AM 10:49 AM 8.9 120 6.69 49.28 75 24.0 
T05 7.00 14.0 Mon 9/19/16 10:30 AM 11:30 AM 9.0 118 7.42 50.09 62 24.5 
T06 14.00 28.0 Mon 10/3/16 10:30 AM 11:25 AM 9.1 118 7.09 50.65 60 24.5 
T07 14.00 42.0 Mon 10/17/16 10:30 AM 12:33 PM 9.1 120 7.27 51.02 68 24.9 
T08 7.00 49.0 Mon 10/24/16 10:30 AM 11:33 AM 9.2 118 7.07 50.07 45 23.5 
T09 14.00 63.0 Mon 11/7/16 10:30 AM 10:53 AM 9.2 120 7.21 51.08 79 23.4 







Replicate 2    Mass of Sample + Holder Final Mass 2.6 g 












































T01 0.08 0.08 Mon 9/5/16 12:30 PM 12:45 PM 9.3 120 7.03 49.31 56 24.5 
T02 0.92 1.00 Tue 9/6/16 10:30 AM 10:40 AM 9.4 120 7.00 49.48 65 23.8 
T03 1.00 2.0 Wed 9/7/16 10:30 AM 10:52 AM 9.5 120 7.13 49.25 91 24.3 
T04 5.00 7.0 Mon 9/12/16 10:30 AM 10:50 AM 9.7 122 6.78 48.63 85 24.0 
T05 7.00 14.0 Mon 9/19/16 10:30 AM 11:31 AM 9.8 118 7.44 50.17 69 24.5 
T06 14.00 28.0 Mon 10/3/16 10:30 AM 11:26 AM 10.0 120 7.23 50.68 67 24.5 
T07 14.00 42.0 Mon 10/17/16 10:30 AM 12:34 PM 10.0 120 7.46 50.78 70 24.9 
T08 7.00 49.0 Mon 10/24/16 10:30 AM 11:34 AM 10.0 120 7.11 50.79 53 23.5 
T09 14.00 63.0 Mon 11/7/16 10:30 AM 10:54 AM 10.0 120 7.39 51.26 76 23.3 
T10 14.00 77.0 Mon 11/21/16 10:30 AM 12:26 PM 10.1 118 7.73 50.69 65 21.0 
 
Replicate 3    Mass of Sample + Holder Final Mass 2.3 g 












































T01 0.08 0.08 Mon 9/5/16 12:30 PM 12:45 PM 8.9 124 7.15 49.08 59 24.5 
T02 0.92 1.00 Tue 9/6/16 10:30 AM 10:41 AM 8.9 124 7.08 48.14 77 23.8 
T03 1.00 2.0 Wed 9/7/16 10:30 AM 10:53 AM 9.1 122 7.22 48.10 93 24.4 
T04 5.00 7.0 Mon 9/12/16 10:30 AM 10:51 AM 9.2 120 6.91 49.33 91 24.1 
T05 7.00 14.0 Mon 9/19/16 10:30 AM 11:33 AM 9.2 120 7.56 50.04 72 24.6 
T06 14.00 28.0 Mon 10/3/16 10:30 AM 11:27 AM 9.3 120 7.50 50.65 70 24.6 
T07 14.00 42.0 Mon 10/17/16 10:30 AM 12:35 PM 9.4 120 7.54 50.73 71 24.9 
T08 7.00 49.0 Mon 10/24/16 10:30 AM 11:35 AM 9.4 122 7.25 50.32 57 23.5 
T09 14.00 63.0 Mon 11/7/16 10:30 AM 10:55 AM 9.5 120 7.71 51.27 77 23.3 






Replicate 4    Mass of Sample + Holder Final Mass 2.8 g 












































T01 0.08 0.08 Mon 9/5/16 12:30 PM 12:46 PM 9.4 120 7.30 49.35 59 24.5 
T02 0.92 1.00 Tue 9/6/16 10:30 AM 10:42 AM 9.6 122 4.06 48.71 77 23.8 
T03 1.00 2.0 Wed 9/7/16 10:30 AM 10:54 AM 9.7 124 7.25 48.29 90 24.3 
T04 5.00 7.0 Mon 9/12/16 10:30 AM 10:52 AM 9.9 120 6.91 49.46 98 24.1 
T05 7.00 14.0 Mon 9/19/16 10:30 AM 11:34 AM 10.0 120 7.49 50.20 77 24.6 
T06 14.00 28.0 Mon 10/3/16 10:30 AM 11:28 AM 10.1 122 7.45 50.86 77 24.6 
T07 14.00 42.0 Mon 10/17/16 10:30 AM 12:36 PM 10.2 120 7.56 51.19 76 25.0 
T08 7.00 49.0 Mon 10/24/16 10:30 AM 11:36 AM 10.1 120 7.24 50.34 63 23.6 
T09 14.00 63.0 Mon 11/7/16 10:30 AM 10:56 AM 10.1 120 7.79 51.35 77 23.2 
T10 14.00 77.0 Mon 11/21/16 10:30 AM 12:27 PM 10.3 120 7.63 51.48 83 20.9 
 
Replicate 5    Mass of Sample + Holder Final Mass 2.4 g 












































T01 0.08 0.08 Mon 9/5/16 12:30 PM 12:47 PM 9.3 98 7.26 49.35 62 24.6 
T02 0.92 1.00 Tue 9/6/16 10:30 AM 10:43 AM 9.2 120 7.18 49.48 76 23.8 
T03 1.00 2.0 Wed 9/7/16 10:30 AM 10:55 AM 9.6 120 7.29 49.36 91 24.3 
T04 5.00 7.0 Mon 9/12/16 10:30 AM 10:53 AM 9.7 122 6.90 48.71 107 24.2 
T05 7.00 14.0 Mon 9/19/16 10:30 AM 11:35 AM 9.8 118 7.68 49.80 76 24.5 
T06 14.00 28.0 Mon 10/3/16 10:30 AM 11:29 AM 9.9 120 7.60 50.37 79 24.6 
T07 14.00 42.0 Mon 10/17/16 10:30 AM 12:36 PM 9.9 120 7.64 50.92 77 24.7 
T08 7.00 49.0 Mon 10/24/16 10:30 AM 11:37 AM 9.9 122 7.38 50.34 64 23.6 
T09 14.00 63.0 Mon 11/7/16 10:30 AM 10:56 AM 9.9 120 7.89 51.37 75 23.1 







Appendix J. Field Study Sulfate and Calcium Release 
Composition: 60-2-28 – (Non-pressurized) 
Time of exposure: 38 days 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 1 2 7 14 28 42 49 63 77 
1 1.46 6.02 8.39 8.68 12.78 13.50 18.35 21.94 26.05 29.82 
2 0.67 5.04 7.87 8.66 12.25 15.48 20.84 24.08 28.16 32.18 
3 0.28 4.93 7.34 8.38 11.62 14.52 19.45 21.95 24.69 28.04 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 1 2 7 14 28 42 49 63 77 
1 -5.32 -8.36 -9.87 -6.84 -5.32 -3.80 0.00 2.28 4.56 7.98 
2 -3.80 -6.08 -9.12 -3.80 -1.14 1.14 4.18 5.70 7.22 11.77 
3 -1.52 -6.08 -7.60 -5.32 0.00 3.04 5.32 7.60 12.91 14.43 
 
Time of exposure: 66 days 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 1 2 7 14 28 42 49 63 77 
1 0.58 0.89 0.75 1.40 3.59 7.22 10.29 12.71 15.36 17.37 
2 0.16 0.71 0.63 1.20 3.69 7.96 11.84 14.29 18.64 22.34 
3 -0.04 1.41 0.99 2.53 4.86 8.52 11.37 13.21 17.46 20.30 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 1 2 7 14 28 42 49 63 77 
1 1.52 1.90 1.90 4.18 3.80 3.04 3.80 4.94 8.74 10.25 
2 0.76 0.76 1.52 3.80 4.18 5.70 6.46 6.84 12.91 13.67 







Time of exposure: 121 days 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 1 2 7 14 28 42 49 63 77 
1 0.53 0.77 -0.12 -0.97 -0.07 2.64 6.34 8.79 11.85 16.10 
2 -0.26 -0.17 -1.34 -0.88 0.08 2.84 6.81 8.41 10.78 14.65 
3 0.10 0.61 -0.11 0.44 0.80 2.67 5.72 6.56 8.19 11.97 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 1 2 7 14 28 42 49 63 77 
1 1.52 2.28 4.56 6.08 6.84 7.60 14.05 14.05* 20.89 20.13 
2 0.76 3.04 3.80 3.80 2.28 -0.76 5.32 5.32* 6.46 6.46 
3 0.00 0.76 1.52 2.28 3.80 4.56 6.84 6.84* 10.63 9.12 
*missing data 
 
Time of exposure: 192 days 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 1 2 7 14 28 42 49 63 77 
1 0.41 0.80 0.12 0.32 0.91 2.47 5.16 6.50 9.68 12.65 
2 0.45 0.52 -0.24 -0.37 0.18 1.98 4.97 6.27 8.62 11.87 
3 0.28 0.18 0.11 0.51 0.89 2.20 4.30 5.31 7.26 9.66 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 1 2 7 14 28 42 49 63 77 
1 0.38 2.66 2.28 3.04 3.04 -0.76 -0.76 1.52 -1.52 -0.76 
2 -0.76 0.76 -0.76 0.00 1.52 0.76 -1.52 -0.76 -2.28 -0.76 







Time of exposure: 372 days 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 1 2 7 14 28 42 49 63 77 
1 -1.30 -1.10 -2.65 -2.45 -1.35 -2.41 -1.96 -1.91 0.49 2.77 
2 -0.57 -0.79 -1.57 -0.80 0.28 -1.49 -0.88 -0.55 1.51 2.96 
3 -1.79 -1.37 -2.97 -2.94 -1.49 -1.96 -1.53 -0.69 1.84 4.19 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 1 2 7 14 28 42 49 63 77 
1 -0.76 -0.76 -1.52 -3.04 -3.80 -3.04 -5.32 -6.46 -6.08 -6.84 
2 -6.84 -6.84 -5.32 -6.84 -8.36 -6.84 -6.84 -3.42 -4.56 -6.84 
3 -1.52 0.00 2.28 0.76 -0.76 4.56 4.56 5.70 9.12 7.60 
 
Composition: 62-3-35 – (Pressurized) 
Time of exposure: 38 days 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 1 2 7 14 28 42 49 63 77 
1 0.71 4.15 6.10 7.18 11.64 15.16 19.62 22.37 25.14 28.21 
2 0.59 4.56 6.62 7.70 11.74 15.31 20.88 23.40 26.53 30.07 
3 0.46 4.61 5.40 6.23 9.72 14.55 19.99 22.68 26.82 30.30 
4 1.30 5.47 7.19 8.75 12.55 16.04 21.53 24.05 27.47 30.44 
5 0.81 4.44 4.66 6.39 9.50 13.40 18.12 20.36 24.66 28.18 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 1 2 7 14 28 42 49 63 77 
1 -0.70 -4.88 -4.88 -2.09 -0.70 2.09 4.88 5.58 8.36 10.80 
2 -0.70 -4.88 -4.18 -2.09 0.00 2.79 6.27 8.36 12.20 20.56 
3 -3.49 -6.97 -7.67 -6.27 -3.49 0.70 2.79 1.39 3.49 9.76 
4 2.79 4.88 3.49 5.58 7.67 9.06 16.03 16.73 22.31 23.70 







Time of exposure: 66 days 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 1 2 7 14 28 42 49 63 77 
1 0.52 0.28 0.69 2.22 5.51 10.42 14.21 16.92 20.59 23.73 
2 0.09 0.09 0.30 0.65 4.03 8.03 11.42 13.20 16.21 19.17 
3 0.51 0.52 0.75 1.84 4.60 9.21 13.10 14.71 17.43 20.53 
4 0.29 0.80 1.20 1.61 4.54 8.63 13.11 15.11 18.60 22.00 
5 0.40 0.89 1.29 2.49 5.06 9.25 13.58 15.79 19.52 23.20 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 1 2 7 14 28 42 49 63 77 
1 0.00 1.74 3.14 6.62 13.94 16.03 16.73 22.31 25.09 25.09 
2 0.70 1.74 4.53 6.62 7.67 9.06 9.76 10.46 8.36 9.76 
3 0.70 0.35 1.74 3.14 3.49 4.88 5.58 6.62 5.92 4.88 
4 0.70 -0.35 1.05 2.44 4.88 6.97 11.85 15.68 16.38 15.68 
5 0.00 0.70 0.70 2.09 2.44 4.18 6.97 8.71 7.32 11.50 
Time of exposure: 121 days 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 1 2 7 14 28 42 49 63 77 
1 -0.29 -0.34 -0.65 -0.18 0.61 3.41 7.38 9.63 12.10 14.00 
2 -0.75 -1.31 -1.81 -1.98 -0.84 1.63 4.05 5.53 6.80 8.74 
3 -0.77 -1.60 -1.60 -1.22 0.36 3.75 6.46 7.23 10.06 12.73 
4 -0.38 -0.74 -0.77 -0.29 1.19 4.87 9.23 11.32 14.27 17.63 
5 -1.03 -1.01 -0.92 -1.35 0.00 2.82 6.64 8.21 10.62 12.85 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 1 2 7 14 28 42 49 63 77 
1 1.39 1.39 3.49 4.88 9.76 7.67 177.05 180.19 183.67 183.67 
2 1.39 2.09 3.49 8.36 12.55 13.24 15.33 17.08 19.17 19.17 
3 0.70 0.70 2.09 3.49 7.67 5.58 5.58 7.32 8.02 8.02 
4 1.39 2.09 3.49 4.18 9.06 6.27 6.97 8.02 9.41 10.11 






Time of exposure: 372 days 
 Cumulative sulfate release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 1 2 7 14 28 42 49 63 77 
1 -1.01 -1.27 -2.74 -2.47 -2.87 -3.99 -4.49 -4.62 -4.05 -2.98 
2 -0.45 -0.75 -1.27 -1.35 -3.08 -4.19 -3.71 -3.83 -2.26 -1.61 
3 -0.60 -1.75 -2.93 -3.37 -4.65 -5.30 -5.41 -5.86 -4.70 -4.91 
4 -0.23 -1.10 -2.87 -3.75 -3.94 -3.43 -2.38 -2.99 -2.00 -1.54 
5 0.00 0.09 -0.45 -0.79 -0.63 -1.51 -1.33 -1.34 0.44 0.52 
 Cumulative calcium release (mg cm-2) at each exchange interval (day) 
Replicate 0.08 1 2 7 14 28 42 49 63 77 
1 -2.09 0.70 0.00 -3.49 -4.88 -4.18 -7.67 -3.83 0.00 -1.39 
2 -1.39 -0.70 0.70 0.70 -0.70 -2.09 -4.18 -3.14 -3.49 -2.79 
3 -2.79 0.00 -0.70 -1.39 -1.39 0.00 -2.09 -1.74 0.70 0.70 
4 -0.70 0.00 -0.70 -2.79 -2.09 0.70 1.39 5.58 6.62 6.27 
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